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Extract from "Greek Byways,**' hy T. R. Glover 

The day will yet come, when the progress of research through long ages 
will reveal to sight the mysteries of nature that now are concealed. A single 
lifetime, though it were wholly devoted to the study of the sky, does not 
suffice for the investigation of problems of such complexity. It must take 
long successive ages to unfold all. The day will yet come when our descend- 
ants will be amazed that we remained ignorant of things that wll to them 
seem so plain. Veniet tempus quo poster! nostri tarn aperta nos nescisse 
mirentur. 


Seneca. Nat. Quaest. vii, 25, 2. 
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PREFACE TO THE ELEVENTH EDITION 


Fifty-six years ago the first edition of Robert Hutchison’s Food and 
the Principles of Dietetics appeared, when the present editors were 
about to enter a university. From that day to this it has held a pre- 
eminent position among books dealing with the nature of food and the 
application of the science of nutrition to the feeding of the sound, the 
sick and the convalescent. For long it was the only serious work devoted 
to this study and practice, and to-day. despite competition from the 
United States and from Scotland, two countries in which they take the 
science of nutrition seriously, it still holds its own. 

One cannot esteem too highly the foresight of the then young assist- 
ant physician to the London Hospital and to the Great Ormond Street 
Hospital for Sick Children in thus, so early, gauging the importance of 
nutrition in the health of the people, nor give too great credit to the 
authorities of the London Hospital for instituting a course of lectures 
on dietetics by Dr. Hutchison to medical students, to whom he 
dedicated the first edition. 

True, there was a hereditary interest in nutrition at work in him. 
His father had published investigations into the dietaries of Scottish 
and English agricultural labourers in 1868 and 1871.* This may account 
for the sociological and economic aspects of his book. They are evident 
throughout it. but in the application of the science of nutrition to the 
prevention and cure of disease Sir Robert was a pioneer. 

Perhaps he did not foresee the astonishing development of the 
continent which he was one of the earliest to explore, though he may 
reasonably have quoted the passage from Seneca which we have placed 
on the flyleaf: “The day will yet come when our descendants will be 
amazed that wc remained ignorant of thitigs that will seem to them 
so plain." 

And as he dedicated his first edition to his pupils, may we. in many 
ways his pupils, respectfully and affectionately dedicate this edition 
(our last) to him? 

* * * 


The inexorable march of scientific knowledge and the need for 

* In llie I’irst lulition therr is a plaint that these ])uhlicatit)ns have iu»t received 
the attention they deserve. In this we concur. They are worth rciulmg after eighty- 
five years. When we consulted th(* relevant Oipies of the '! ransaciio^ts of the 
Highland and Agricultural Society of Scotland in tlie library oi the University of 
lulinburgh, the pages of Kobert Hutchison's contribiitiotis were \itll uncut. 


VII 



PREFACE 


• » • 

Vlll 

compression have compelled considerable rewnting in the earlier part 
of this book. New methods of measuring basal and total metabolism 
and the mass of active tissues of the body throw new light on Calorie 
needs, and some of our dogmas about Calories are in the melting pot. 
The section on proteins has been thoroughly revised and the pages on 
the mineral elements needful in diet, particularly those on iron, iodine, 
potassium magnesium and fluorine, largely rewritten. The hard and 
fast recommendations for vitamin intakes are treated sceptically and 
this may do something to counteract the ‘vitamin racket'. Changes, 
too, will be found in the chapters on the processing of foods, on the 
hygiene of food and on the cost of an acceptable and nutritionally 
satisfactory diet. Dr. Harris, in his section, gives an account of modem 
methods of weaning babies from a wholly milk diet to one containing 
solid food. 

In the clinical section the pages on sprue and fatty diarrhoeas have 
been entirely rewritten and those on diseases of the liver, diabetes 
mellitus and the new insulins, the treatment of obesity, gastric ulcer, 
cardiac oedema and the low sodium and potassium diets revised and 
largely emended. New sections are devoted to allergy and the hypo- 
glycaemia associated with the 'dumping sjmdrome’ after partial 
gastrectomy or due to innocent or malignant tumours of the jS cells 
of the islet tissue of the pancreas; and to the treatment of surgical 
shock and of renal function after incompatible blood transfusion. 

V. H. M. 

G. G. 


1955 - 



INTRODUCTION 

THE HISTORY OF niETETIC'S^ 


Dietetics is really a very young branch of science; it was not inclee<l 
until the middle of the last century that it could fairly be describetl as 
a science at all. Tliis, it need hardly be saiil, was inevitable. h)r diet 
could not be studied satisfactorily until organic chemistry and tlie 
physiology of nutrition had made considerable advances. Even down 
to the beginning of last century the very word “diet” was not always 
used in its modem acceptation. b\il still generally included a consider- 
ation of all of what used to be termed the “non-naturals” (air, aliment, 
exercise and rest, the passions and affections of the mind, wakefulness 
and sleep, repletion and evacuation). Thus Willich, writing as late as 
the year 1800, defined dietetics as “a systematic view of all objects 
relative to health in general and to food and drink in partictilar”; it 
embodied, in short, everything tliat was known as to ph\'sical and 
mental hygiene and the promotion of individual health. This use of the* 
term must always be borne in mind when studying tlie earlier history 
of the subject. 

It was natural, of course, that some attention should have been given 
to the feeding of the sick so soon as anything like a systematic study of 
disease had begun, and wc find indications of tliis in the Scrij)tnres and, 
as far as the Egyptians were concerned, in the writings of Ih ntdotu'^, 
while Pythagoras, the founder of vegetarianism, flourished as long ago 
as the sixth century b.c. 'Jit was with the dawn of (ireek medicine, 
however, that the first faint beginnings of dietetics, as we now under- 
stand the term, may be discerned; but in no sense could (ireek dietetics 
be described as scientific. It was not based even upon the result of 
observation, but was distorted by a false pathology and by nnintel- 
ligible and scmi-metaphysical hypothese^ We can sec this if we gl.incc 
at the writings of Hippocrates, Cclsus, and Galen— the lhr<«- great 
Masters of Ancient Medicine. Hippocrates {460-377 n.c.), in his / m//;sc 
on Ancient Medicine, says that men first learned from exp»Tirnce th<' 
science of dietetics; they were compelled to ascertain the properties of 
vegetables products as articles of food. Then they learned that the food 
which is suitable in health is unsuitable in sickness, and thus they 

^ Ad article first published by Sir Kobert Hutcliis<in in 7 
January, 1934, and reproduced here by permission ol the h.clitor of that Journal. 
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applied themselves to the discovery of the proper rules of diet in disease; 
and it was the accumulation of the facts bearing on this subject which 
was the origin of the art of medicine. This may be true enough; but on 
turning to his practical dietetics as expounded in his books On Regimen 
in Acute Diseases and On Nutriment we find how empirical he was and 
how far from any scientific conception of the subject. He insisted that 
the diet should be full in wnter and spare in summer. He disapproved 
of the habit of eating a full dinner, and condemned the use of new 
bread. The nutritious properties of pulse in general were insisted upon. 
He called the flesh of fowls one of the lightest kinds of food and stated 
that eggs arc nutritious and strengthening, but flatulent. He remarked 
that the flesh of wild animals is more digestible than that of domesti- 
cated. He objected to goat’s flesh as having all the bad qualities of beef, 
which he called a strong, astringent, and indigestible article of diet. 
Milk, he said, sometimes causes the formation of stones in the bladder. 
Cheese he considered flatulent and indigestible. Fishes were light food; 
sea fish lighter and better for delicate persons than fresh-water fish. 
Honey, when eaten with other food, was nutritious, but injurious when 
taken alone. He discussed also in great detail the use of barley gruel in 
acute diseases. 


Cclsus {53 n.c.-A.D. 7), who flourished about the time of Augustus 
and Tiberius, in the preface to his great work Dc Re Medica (in eight 
books), 1 states that in dietetics there are two schools — the Ration- 
alists, who proceed on theory and princijfle. and the Fmpirics, who rely 
upon experience. Celsus belonged to the former. In his first book 
generalities arc considered, in the second he discusses the nature of 
foods and divides them according to their "materia” into (i) the 
strongest. (2) the medium, (3) the weakest; the strongest have most 
mitrimenf. He was rather arbitrary in placing foods in each class; for 
example, lie thought that large animals were more nourishing than 
small, and birds which use their feet "stronger” than those that fly 
but m the mam h: allocation is sound enough. The more iiowerful the 
materia the less -s.ly was it digested, but, being digested, the more 
It nourished. Furthi . 'me foods were of "good juice” and some of bad- 
some were palatable, . uie acrid, some made the more crass Pituita^ in 
us, some the thinner kind; some were flatulent, others nof some 
hea,.d, others chilled; some turned sour; some were dufrefel'otirrs 
le contrary effect, and so on. He gave examples of foods of each 
quality. In the third book he describes the dietary of diseases- in fevers 
or instance, the diet should be strong, simple, dry, g to ste 1 

bread, roast meat, drv wines. In apoplexy game was the best'fooTand 


w. K. .-„.e .,1 Celsiis,- .tr., , 


Hhlei'm t\r 
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warm water the best drink. In ulcerated stomach he recommended light 
and viscous foods— none that is acid. He did not give any "scientitic " 
reasons for his diet in disease or any principles, but his practice is not 
so much amiss. 

Galen (a.d. 130-200) wrote three books on the Faculties or Pou ers 
of Aliments. In Book I he says that many ancient writers had treated 
of the power of aliment but differed so greatly amongst themselves that 
a new work was required “founded on reason and experience. He gi\ es 
an account of numerous foods — e.g. wheat and the articles prepared 
from it; barley; oats and other cereals; beans and vetches, etc. In the 
second book, which has 71 chapters, he deals with fruits and vegetables. 
In the third book he discusses animal foods. He also wrote a work on 
“the good or bad juices of Food.” a kind of commentary on every 
variety of aliment. He recommended the use of human milk in phthisis 
and had a good deal to say about wines. On the whole, the writings of 
Galen are decidedly more modern than those of his predecessors. 

The Arabian physicians added little to the knowledge of dietetics 
which they took over implicitly from the Greeks. They were more 
concerned with the prescription of drugs, though Khazes (850-923). 
the “Galen of the Arabs.” provided the excellent maxim: “When you 

can heal by diet prescribe no other remedy.” 

To the Arabians’ succeeded the mcdi«cval school, and we can get 
some idea of mediaeval dietetics from the Isagoge of Joannitius (809- 
873). which was a textbook of medicine throughout the Middle Ages.i 
Speaking of foods he says: “Foods are of two kinds. Good food is that 
which brings about a good humour, and bad food is that which brings 
about an evil humour. And that which produces a good humour is that 
which generates good blood: namely, that which is in the mean state 
as regards quality and working. Such is clean, fresh, fermented bread, 
and the flesh of Iamb or kid. Bad food brings about the contrary state, 
and such is old and bran bread, or the flesh of old beeves or goats. 
Foods producing good or evil humours may also bo heavy or liglit. Of 
the first kind are pork and beef, of the second chicken or fish. Ami of 
these the flesh of the middle sized and more active kinds is better than 
that of the fatter and scaly varieties. Certain kinds of vegetables pro- 
duce evil humours; for instance, nasturtium, mustard and garlic bi-get 
reddish bile. Lentils, cabbage, and the meat of old goats or beeves 
produce black bile. Pork, lamb, purslain. and attriplex beget pl‘E‘gm. 
Heavy foods produce phlegm and black bile, and either of these is evil. 
We can here see the distorting influence of the humoral doctrines in 


full operation. . 

Perhaps [the best known,^ however, ol 'medheval waitings is the 

1 Cholmelev, H. P. Iiyi2), John of Oaddtstlen. Oxford. Tin; Clarendon Press, 

M5- 
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Regimen Sanitatis, produced at the famous school of Salerno about the 
year iioo. It was a popular treatise on health in general, written in 
rhyme. We may quote two verses dealing with diet;» 

Doctors should thus their patients food revise — 

Whal is it? \Vhe7t the meal? and what its size} 

How often} Where? lest, by some sad mistake, 

Ill-sorted things should meet and trouble make. 

We hold that men on no account should vary 
Their daily diet until necessary: 

For. as Hippocrates doth truly show. 

Diseases sad from all such changes flow. 

A stated diet, as it is well knoum. 

Of physic is the strongest cornerstone — 

By means of which, if you can nought impart, 

Relief or cure, vain is your Healing Art. 

The Rosa Anglica, written by John of Gaddesden (?i28o-i36i) 
about the year 1314, was intended for medical readers in the first 
instance, but was apparently largely borrowed from the Regimen 
Sanitatis. It gives a good idea of fourteenth-century medicine but 
shows little advance on the views of Hippocrates. Here is a sample of 
his dietetic teaching: “Some eat more of fruit than of other food, 
wherein, they do not well, for all fruits make wateiy' useless blood, and 

prone to putrefaction On the whole it is best to do without fruit 

altogether." 

Andrew Boorde (i490?-i54g) WTote his well-known book, A Com- 
pendyoHs Regyment, or .1 Dyclary of Helth. about 1542, a century after 
the close of tlie Dark Ages. It is a popular work and deals with the 
general management of health, but has many chapters on the different 
classes of foods, and others on the diet for different kinds of diseases. 
His statements about foods are often rather arbitrary' and, of course 
coloured by the i>rcvailing humoral pathology- of liis day. Here are 
some extracts: “Bread having too much bran in it is not laudable." 
“Barley dolli breed cold humours." “Butter is made of crayme and is 
moyste of operation.” “A 1 manor of fysshe is cold of nature and doth 
ingcnder fleume.” "Hare's flesh is dry and doth ingender melancholy 
humors. reason and beanes rcpietyth a mat, with Ventosyte." 

Milk ,s not good for them the which have gurgulacyons h, the bely " 

About a century after Boorde's Dyclary of Hcllh two notable books 
on the subject were pubUshed in this country:^ /Qmra-,; or II, e Diet 
1 W,\LSii. J. J. (J920). Medieval Medicuie. London « 


uith an IntToducUon D Ja^ 

y i.rr. Itoucrt Jame^ and a biographical account of Dr 
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of the Diseased, by Dr. James Hart of Northampton, appeared in 1633, 
and the other, Via Recta ad Vitam longam, by Dr. Tobias Venncr 
(1577-1660) of Bath, was first published in 1620, the last edition 
appearing in 1660. The latter is perhaps the better known, though 
Hart’s is really the more interesting and important, but both writers 
use the word diet to cover general rules of health. KXiviki) is a handsome 
folio and is written in a delightful style recalling often that of Burton's 
Anatomy of Melancholy which had appeared a decade earlier. It contains 
short descriptions of the foods then in use and of their qualities, but is 
largely compiled from the writings of Galen, Dioscorides, and other 
classical authorities. This passage is characteristic; 


"Marjoram is a sweet, pleasant and well-smelling herb, hot and dry in 
operation ... It comforteth all the noble parts, especially the stomacke. 
and may with good success be used to further concoction, comfort the 
stomacke and discussc wind. It much comforteth the brainc also and is 
good against all cold diseases of the brainc and nervous parts. 


There are some satirical touches as when, in speaking of potatoes 
(then recently introduced into England), the writer says: “That 
outlandish root brought with us from the West Indies, called com- 
monly Potato, and by some Batato, is of the same nature and property 
as the Skirret root or at least goeth a little beyond it but this pre- 
eminence it hath that it is, according to the common proverb. ‘Farre 
fetcht and deare bought and therefore good for Ladies.’ ’’ There is also 
a chapter, unique perhaps in the literature of the subject, entitled “Of 
strange and uncoth [sic] Diet, which some people have in ordinarie use; 
as of Dogges. Cats, Horses, Mules, Asses, Rats, Locusts, Frogges, 
Snailes and Man flesh.’’ 

The Via Recta, neither so elaborate nor so well wTitten as KXiviK-q, 
had greater popularity. The first ]>art deals w-ith the “Nature and choice 
of Habitable places” and then there follows an interesting section on 
“Bread,” in which the great brown bread controversy is already fore- 
shadowed. In a chapter on the “Divers kinds of Drinks,” the author 
speaks eloquently in praise of wine: 


"Many and singular arc the commodities of Wine; for it is of it scife, 
the most pleasant lUjuor of all other, and was made from the beginning to 
exhilarate tlie heart of man. It is a great increaser of the \iiall spirits, and 
a wonderful! restorer of all concoction, distribution, and nutrition, mighlily 
strengtheneth the naturall heat, openeth obstructions, discusseth wiiuli- 
ncsse, taketh away sadnesse, and other hurts of melancholy, induceth 
boldnesse and ple.'isant behaviour, sharpencth the wit, abund.mtly rc- 
viveth feeble spirits, excellently amendeth the coldnc•^se of old aj^e, and 

Moflet appeared in 1746. Health's Improvement is much on tin- s.inu- lines 
book.s of Hart and Tobias \ eniicr and contains a general c l.f''iliiatir.n and des- 
cription of foods and their properties as then understood. 
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correctcth the tetrick' qualities 
speak all in a word, it maketh a 
mind and body.” 


which that age is subject unto; and to 
man more coragious and lively both in 


He adds the comfortable advice that ivine should be given with 
a liberaU hand to men in the later part of old age— from sixty yeeres 
upward.” He discusses also “whether it would be expedient for he^th 
to be drunk with wine once or twice a month” and concludes not, but 
thought it good for those who are “wearied with great car^ and 
labours” to drink sometimes “untU they be merry and pleasant but not 
drunken.” He next considers foods in detail. A few examples will show 
the nature of his teaching and how full it is of dogmatic statements and 
how entirely based, like that of his predecessors, upon the humoral 

doctrines: 


"Bisket-bread is only profitable for the phlegmatick and them that have 
crude and moist stomacks, and that desire to grow lean because it is a 
great drier; and therefore let such as are cholerick and melanchohck beware 
how they use it.” 

"Eels are very’ hurtful to those with gout, dropsy or stone. 

"Lampreys increase melancholy and are hurtful! to those with weak 

sinew's.” 

"Mullet breedeth grosse and excrcmentall humors.” 

"Beanes are cold and hot in the first degree.” 

"Chestnuts are hot in the first degree and dry in the second.” 


The chapter “Of the Manner and Customs of Diet” contains, how- 
ever, much sound general advice, e.g.: 


"The dining-room must not be ‘bloomy’ hot; for that may soone occasion 
faintness and swouning by wcakning the naturall heat and extracting the 
spirits,” 

"To feed upon more than foure dishes even at a geniall nicale, is some- 
what immodest and excessive.” 


Three things, he thought, were necessary at meals, an easy mind, 
thorough chewing and “not to reside in the chair of intemperance.” 

After tlic Via Recta no important book on dietetics appeared in this 
country for another hundred years, when Dr. John Arbuthnot, the 
well-known physician of Queen Anne's reign, published his essay 
"Concerning the Nature of Aliments and the Choice of them” in 1732, 
It is a popular work, for he remarks in his preface, ‘T do not presume to 
instruct the Gentlemen of my own Profession,” and it is wTitten in the 
form of a number of dogmatic propositions, for example; 

Honey is the most elaborate Production of the Vegetable kind, being a 
most exquisite soap, resolvent of the Bile. Balsamick and Pectoral.” 

.Acrimony and tenacity are the two qualities in what we take inwardly 
most to be avoided. ^ 

' Bitter or morose. 
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“The constituent parts of animals are (i) earth, (2) a peculiar spirit 
analogous to that of plants. (3) water. (4) salts. (5) oil.” 

“The fruits of most vegetables are soaps; all soaps (which are a mixture 
of salt and oil) arc attenuating and deobstruent, resolving viscid 

substances.” 

In a later edition he said that part of his treatise had been censured 
as obscure and unpractical — as well it might be — and indeed the whole 
book shows little advance upon Andrew Boorde. or, for the matter of 
that, upon Hippocrates. The contributions of the eighteenth centur\ 
to the science of dietetics were, indeed, negligible, notwithstanding the 
fact that it was in this century that the curative effect of fniit and 
green vegetables in scurvy was first clearly recognized; but that came 
about through the practical observations of the great voyagers such as 
Captain Cook, and not through the labours of scientists. Grateful 
mention must be made, however, of the work of William Stark {1740- 
70), who was one of the first experimental dietitians in this country, 
although his well-meant experiments conducted upon himself tended 
probably to shorten his life (he died at the age of 29) rather than to add 
to knowledge. 

How little dietetics had even been influenced by the advance of 
chemistry, especially in France, throughout the century, is sliown b\- 
Willich’s Lectures on Diet and Regimen (1800). for he describes fat as 
"the cellular substance of animal jelly" and salt as an excellent 
solvent of fat." Nor had he entirely shaken off tlie humoral doctrines, 
for he describes apples as ‘‘serviceable in diseases of the breast, to 
remove spasmodic contractions, to neutralize acrimony and to attenu- 
ate viscid phlegm," and says of veal that it “contains many nourishing 
and earthly particles, and is the most proper food for persons who have 
a disposition to ha-morrhage." On account of the great proportion of 
“viscidity" it contains, persons disposed to “phlegm" and comi)laints 
of the abdomen ought to refrain from it. He considered that it would 
be beneficial to Society if tlie making of butter was prohibited, Dripping 
was equally bad and should only be used "for greasing cart wheels. 
On the other hand he anticipated modem teaching in recommending 
two-thirds of vegetable to one-third of animal food as the I)e5t pro- 
portion in the diet. 

By the time of the first publication of Forsyth’s Dictionary of Did 
(2nd edition 1834) the influence of chemistry had begun to make itself 
felt, though uncertainly, and he speaks of alcohol as "inferred to 
consist of two atoms of carbon, one of oxygen, and three of hydrogen, 
and honey as “supposed to consist of sugar, mucilage and an acid. 

I Paris's Treatise of Diet (5th edition 1837), however, showed a real 
advance and is almost the first book dealing with the subject on 
modern lines. His classification of the nutrientia into fibrinous, e.g. 
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flesh; albuminous, e.g. eggs; farinaceous, e.g. wheat ^ 

great improvement upon his predecessors, of whom he justly sa>s in his 
introduction: "Were the popular works on dietetics subjected to a 
healthy digestion, how meagre would be the proportion of real aliment 
extracted from their bulky materials.”; He has incidentally much 
interesting information on the history of foods; thus he teUs us that 
cabbages were not cultivated in England until the time of Catherine of 
Aragon and that "this queen could not procure a salad till a gardener 
was sent for from the Netherlands to raise it”; and that carrots were 
introduced by the Flemings in the reign of Elizabeth and turnips by 


Lord Townshend, in 1730. ,• 

Jonathan Pereira, who was Assistant Physician to the London 
Hospital, brought out in 1S43 a Treatise on Food and Diet, in the 
preface to which he states that his book "contains an account of the 
chemical elements of food — a subject which previous writers had almost 
altogether passed over but to which the recent researches of 
Boussingaiilt, Liebig, and Dumas have given additional interest. He 
speaks of foods as "compound aliments” and classifies the alimentary 
principles” composing tliein as "the aqueous, the mucilaginous, the 
saccharine, the amylaceous” and so on. He gives a general description 
of the different foods with ihe lime re(}uircd for their digestion (largely 
based on Beaumont's observations on Alo.xis St. Martin) and full 
analyses of most of Ihom, sometimes in terms of carbon and nitrogen, 
sometimes in those of ‘'alimentary principles.” His figures for the 


composition of milk, for cxaniplc, arc, casein 4-2 per cent., butter 3 per 
cent., sugar of milk 5-3 per cent., and salt 075 per cent., which is not 
so far wrong. He also recognized tliat alcohol is a fuel in the body and 
he sj>eaks for the first time of "proteine” which had recently been 
discovered by Mulder 

The advance of cliemistry had therefore already begun to affect 
dietetics, but by the middle of the century great progress was also 
being made in the physiology of nutrition, as the result chiefly of the 
1; Ij'iiirs of the (lerman school; and by the seventies the relative values 
of die different nutritive constituents of food and their equivalents in 
heat and work had been made out, and the proof of the conservation of 
energy in the body was on the way to being established. The effect of 
this work on dietetics was immediate and it is from this time that it 
can fairly claim to be regarded as an exact science. The changed aspect 
of the subject is reflected in three books which appeared in the 7th 
decade of the ccntuiy— Lctheby's Cantor Lectures on Food (1870), 
Edward Smiths Loads (1873), and, most of all, in Pavy's Treatise on 
Lood and Dietetics (1874). Full analyses of foods are given in all of these, 
though there is still sometimes noticeable a tendency, traceable to 
Liebig, to express the results in terms of nitrogen and carbon instead 
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of in those of protein, carbohydrate and fat. The dynamic and heat 
values of different foods are stated and Liebig’s heresy that protein is 
the source of work, which had been contradicted by Traube ten years 
earlier (i86i), is now finally discarded. Pavy's book, indeed, is entirely 
modem in its treatment of the subject, and very little was added to 
what it contains throughout the following 25 years. During that period, 
it is true, the metabolism of food was further worked out chiefly by 
Carl Voit and Rubner in Germany, and by Atwater, Lusk and others 
in America, but in the main it may be said that the quantitative aspect 
of dietetics was exhausted by the end of the nineteenth century. By 
that time the importance of the Calorie as a measure of food values was 
firmly established and the chief controversy which agitated dietitians 
concerned the much discussed “protein optimum.” This had been fixed 
originally by Liebig at 150 g., but was reduced by Voit to 120 g., and 
this figure was accepted by Atwater. There had always, however, been 
physiologists who were inclined to challenge these figures as too high 
and Chittenden in his book. Physiological Economy in Nutrition (1905). 
showed that health and activity could be maintained for indefinite 
periods on as low an intake as 36 g., and Hindhede subsequently 
went even lower. It was reserved for the work of the present centiir}' to 
show that the quest of a protein optimum is illusory, for it varies with 
the kind of protein consumed. The real protein minimum could only be 
attained by cannibals consuming solely a form of protein identical with 
that in the human body, but so far as we arc aware no observations on 
the protein consumption of cannibals have been made; it might, 
perhaps, be risky to attempt theml 

If the nineteenth century was the quantitative epoch of dietetics 
the present century has so far been a qualitative epoch. Attention has 
been shifted from the amount of the different food constituents required 
for satisfactory nutrition to the influence of the “imponderables’' of 
the diet in health and disease. This has necessitated the abandonment 
of the chemical and physiological methods of approach for the bio- 
logical, that is to say the influence of the diet as a whole on the whole 
animal. Stark, as we have seen, had already foreshadowed this method 
in the experiments he made on the effect of different diets on himself 
towards the end of the eighteenth century. Paris also showed more tlian 
an inkling of the importance of qualitative considerations when he 
wrote in 1837: “Those bodies which have possessed life can alone be 
strictly considered capable of affording aliment to animals; yet there 
exist a certain number of inorganic substances, such as water, salt, 
lime, etc., which, although incapable by themselves of nourishing, 
appear, when administered in conjunction with the former, to con- 
tribute essentially to nutrition.” These he called alimentary “adjec- 
tives” as opposed to alimentary “substantives” or true foods. 

Bvo 
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/ Research iii recent years into the qualitative aspects of the diet has 
'met with success in three chief directions. First, it has shown that the 
proteins differ greatly in their biological value depending upon the 
amount and kind of the amino acids composing them; second, and most 
important, the existence of “accessory food substances” or "vitamins” 
has been brought to light; third, the significance of the mineral con- 
stituents of the diet and csi>ecially of calcium, phosphorus, iron, and 
iodine, has been clearly demonstrated. Of these advances the discovery 
of the vitamins has been by far the most spectacular. The time has not 
yet come to w'rite the full history of this brilliant chapter in dietetic 
research, but the chief milestones have been the discovery^ by Eijkman 
{1890-1897) that beri-beri is a deficienc}' disease; Hopkins's feeding 
experiments on rats, pubHshed in 1912, in w'hich he show’ed the im- 
portance of “accessor}' food factors” in normal dietaries; the introduc- 
tion soon afterwards of the term “vitamines” afterwards changed in 
1920 to vitamins) by Funk; the production of scur\'y in guinea-pigs by 
Holst and T. Frolich in 1907; the discovery of “fat-soluble A” by 
McCollum and Davis in 1913 and of “water-soluble B” in 1915; 
and the proof by E. Mellanby in 1918 that rickets is due to a vitamin 
defect in the diet. The gave a great impetus to the study of the 
(pialitative side of dietetics by pro\'iding “biological experiments” on 
an enormous scale and our knowledge of the “accessory factors” has 
grown raj>idly e\ er sinct*. 

Just, how<-ver, as the importance of the Calorie was over-estimated 
at the end of last century, so the vitamins are probably being over- 
valueil to-ilay. They are nut, an}- more than tlie Calorie value and 
protein content, the onl}- criterion by which to assess the worth of a 
diet. It is]>ossible. also, that too much importance is now being attached 
to the mineral constituents— perhaps a reaction from their neglect (in 
spite of the writings of Bunge) during the quantitative epoch. Tluir 
recent emergence into notice lias been the result mainly of the work of 
McCol' i ■. and Sherman in America and of Orr in this country. 

\Vhai direction tlie future progress of dietetics will take it is ini- 
I>ossible to say. it is probable that more “vitamins” will be discovered 
or that those alruidy known will be further subdivided. New “accessory 
food substances,” not vitamins, but comparable to the “hrematogenous 
principle of the hver. may also be brouglit to light. It is unlikely 

mail}- dietetic surprises up her sleeve and 
It IS difhcult to believe that progress in the next seventy years from now 

will equa . ei her in variety or extent, that which has been made 
the middle of the Victorian era. 


since 


^ i.e. of 1014^10. 




Dip:- 


LIFE 


CHAPTER I 

INTRODUCTORY. DEFINITIONS, ^ 

LIMITS «' ERR«R AND ACTION IN DIETETICS 

Dietetics is a subject uhich springs into 
are wars ^ consequeM 

srr:'';:“:rrs;5 

health in eencral and to food and drink m particular !*The rcstrictio 
of its meaning to the science of food and drink in particular was com- 
p ete when this book was first produced, but by now “ 

Sg restricted to the treatment of disease 

diet This is almost inevitable, for untd recently almost the only w ay o 

tning a hvTng for those who had made a -ientific sU y o ood^ 

drink was in the diet kitchens of the hospitals m 

had foUowed the transatlantic example of (hetar>^,tm 

ment as a part of curative medicine. The same distinction 

in the United States, lor McCollum and lus “““SUe* caU 

The Newer Knowledge of Nuinhon— not of Dietetics. N 

I See a remarkable article. Kmc, J. (i94«). Chen,, and Ind.. 739- 



2 DIET IN NORMAL LIFE 

means the study of food and drink in all its aspects; dietetics is 
coming to mean the use of this study in curative medicine. That is not 
the meaning the authors give to the word in this book; they use it in 
the sense that Sir Robert Hutchison gave it— they can hardly alter 
the book's original title— viz. the study of food in its relation to human 
need. In this book the practical aspects of nutrition will always be 
allowed to outweigh the severely scientific. Thus the authors are not so 
much interested in the chemistry and distribution of some recondite 
vitamin as in the practical difference to living which that knowledge 
might make. 

The applications of our knowledge of nutrition are numerous and 
far-reaching. They touch not only the care of the sick, but the feeding 
of the well. They concern public health at most points — no health 
authority should be without its dietitian. Community feeing, whether 
in schools or factory canteens, needs dietetic supervision. Educational 
authorities cannot afford to be without advisors trained in dietetics. 
This subject runs in closest contact with agriculture, and therefore with 
politics, alas. It should have, and is having, a great influence upon 
world politics.! in fact each year opens up new horizons in dietetics. 

But while we welcome this expansion of the influence and applica- 
tions of dietetics we have sundry warnings and reservations to make, 
and the rest of this chapter will be concerned with these. Most of us 
have recollections or knowl’ '^j.e of what happens in a gold rush. Much 
the same happens in any nt.-w ♦''’ritory opened up by science. Adven- 
turers, good, bad and : ....lent, rush in, and the ore they bring back 

is often anything but auriferous. Great caution is advised in accepting 
glitter as authentic fact. F\irther — to change the metaphor — the subject 
of dietetics is developing so rapidly that change of perspective alters the 
relative sire and importance of a discovciy’. Old dogmas disappear. New 
ones, a’ ., . v;sc. In fact, to quote Stefansson, the Arctic explorer, 
“UiUess u be religion, there is no field of human thought where senti- 
ment aj ! prejudice take the place of sound knowledge and logical 
thinking so completely as in dietctics."2 
Now dogmas have no place in science. In fact tiie main duty of a 
scientific man is to do his utmost to pick holes in his most cherished 
beliefs. This is essential for the dietitian, if he wishes the study he has 
taken up to become a science, still more an “exact science," a claim 
proudly made for it by Sir Robert in the introductory chapter of this 
book. He writes: 


1 he e icct of U„s ^vork on dietetics [the work of Carl von Voit and 
Ins sdiool] was immediate and it is from tliis time that it [dietcticsl 
can tairly claim to he regarded as an exact science." Most good work in 

! Si‘c publications of F..\.0. 

= STeiciNsson. V. 
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dietetics springs from Voit. for he was the first to apply the exact and 
elaborate methods of physics and chemistry to the study of nutrition, 
but Voit himself would have been the first to deny that the exactitude 
which physics can employ in weighing a non-living substance or chemis- 
tryinestimating the atomic weight of an element, can be achieved in the 
science of nutrition. The very weight of a 2-kg. Belgian hare changes 
by several hundred milligrammes during the process of weighing, as 
one of us saw in Voit’s own laboratory’. How much more difficult, then, 
must it be to weigh a man with an accuracy of i in 20,000. Such an 
accuracy is, of course, far beyond what is ever claimed in dietetics, but 
it must be recognized that when an argument or theory is based on the 
fluctuation in weight by a few grammes, an error of i in 20,000 in a 
70-kg. man's weight may involve a final error of i in 10 or even i in i! 

Because the layman has such exaggerated views of tlie capabilities 
of the dietitian and the exactitude of dietetics it is perhaps worth while 
thus early in the book to set out its limitations, and the factors which 
prevent its ever becoming so exact a science as physics or chemistry. 

We are met at the outset with the difficulty of definition. This, 
however, is not suqirising. Is it not said that the physicist Tait had 
some twenty definitions of matter in his famous text-book of physics 
and that the best of them was, “that wliich is a permanent possibility 


of sensation”? Our definitions of “food” and “dietetics” will be almost 


as unsatisfactory. Voit in Hermann’s Handbuch der Physiologic defines 
food as a "palatable mixture of food-stufls which is capable of main- 
taining the body in an equilibrium of substance, or capable of bringing 
it to a desired condition of substance.” The reader will note the intru- 


sion of the word “palatable,” which introduces into the definition a 
whole range of imponderables from the realms of psychology. Is a food 
less a food when it is not palatable? Is cod-liver oil not a food because 
it was unpalatable to most Victorians and Edwardians? And is it a food 
only to the neo-Georgians who have been brought up to take it from 
their first month of life? Is it “not-a-food” when it is concentrated, 
and a food when it forms an ingredient of a palatable fish sauce or 
savoury? 

If we want dietetics to be an exact science it must dispense with 
psychological considerations* or at least delimit their relations to and 
intrusions into dietetics. We offer the following definition of food; 
anything which, when absorbed into the body via the alimentary tract, 
is capable of doing one or more of three things, (i) furnishing the body 
with material from which to produce heat, work, or other forms of 


Renner (IQ44) in The Origin of Food Habits, Faber & Faber. I.oii'!on. 
protests against this exclusion of psychology from dictetic.s, niiich as Kii'l-in 
years ago exclaimed against its exclusion from economics, possibly with similar 
iustidcatioo. We shall deal with this later. 
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energ>^ (ii) enabling it to grow or to repair its wear and tear, and (iii) 
supplying regulators of its functions of growth, repair, and production 
of energy. Thus milk is usually called a food, and is to the dietitians the 
food par excellence. It can be used to supply energy in the form of heat 
and work. The combustion of the materials of i pint of milk in the cells 
of the body would 5neld energy equivalent to 378 kilocalories. It pro- 
motes growth in the body and repair. Milk also contains some thiamine, 
some riboflavine, some nicotinic acid or possibly nicotinamide, much 
vitamin A, a little ascorbic acid, and, in summer, vitamin D. All these 
substances are catal5dically concerned in the production of energy 
changes in the cell, and, without them, it must die. On all three counts 
milk is to be considered a food. Other foods, e.g. the lemon, will come 
into consideration practically on the third count only. Its contribution 
to body building is infinitesimal; to production of energy, negligible; 
only because of its marked power of supplying vitamin C is it included 
in the category of a food. 

Our definition is as unsatisfactory as all definitions of fundamental 
ideas are, but at least it is less open to criticism than those which have 
preceded it.* It is difficult to exclude substances which can be metabol- 
ized when injected under the skin or into the blood and yet they are 
excluded by the above definition, which none the less permits the 
inclusion of drugs. It brings into prominence, however, the three main 
functions of good. Food provides the . i.iis for growth and repair 
of the fabric of the body. It supp].-. lerials which can be oxidized 
in the body, with the result tha! fhe energy set free by oxidation may 
be used in performing work and in producing heat. It also supplies tlie 
body with substances -lalysts, food hormones, vitamins) which 
control, though present in almost inconceivably minute amounts, the 
various processes of the body. Food is responsible for the conservation 
of the material of the body, for the maintenance of its output of energy 
and for the regulation of these functions. 

We need not worry, however, about the logical unsatisfactoriness of 
our definition of food, except perhaps when dealing with the layman 
“But tell mo. Doctor,” he says, "are not turnips good food? Have not 
onions a high food value?” We cannot answer his questions until we 
discover whether he means by food what a dietitian means- whether 

he IS aware that (ood has a three-fold function, and which of the 
functions, if any. he has in mind. 


At this point It may be well to inveigh against the vague terms which 
have invaded popular and not so popular dietetics. Dietetics can never 

examplSo^ definition, let us take the 

foods. But to the biochemist tk and 

cocoa certainly is. .Meat e.xtract-s creen in on th certainly not foods, whereas 
come into the net of our definition';'*'''^ nicotinic acid. All 
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become an exact science while such terms as "food value,” "balanced 
diet,” "nourishment,” "malnutrition,” etc., go undefined. If "food 
value” is used of a food to mean its quantitative yield in body-building 
material, in energy value or in vitamins the term is a useful one; but if. 
as is usual, it means "this food is liked and eaten by people" 
it is useless— in dietetics. "Balanced diet” may have a meaning to the 
dietitian, though how one can pretend in the present state of our 
knowledge that there is a right and proper equilibrium between protein, 
fats, carbohydrates, the six or ten essential metallic and non-metallic 
elements and the twenty or more vitamins, and that we know that 
balance passes comprehension. Probably the term means, if used by the 
scientific dietitian, a diet in which no particular one of the groups of 
substances enumerated in the preceding sentence is in defect or excess. 
Thus if there are no carbohydrates, or only 5 mg. of iron per day, or 
300 mg. of calcium, or 100 international units of vitamin Bi (thiamine), 
or 20 or 20,000 international units of vitamin D, we might justifiably 
say that the diet is unbalanced. If the term "balanced diet” 
means no more than a good all-round diet, then we can ha\c little 
quarrel with it. But it has an air of exact science and is used by the 
charlatan to deceive the layman, and even the elect. It is significant 
that a search for such vague terms shows that they are not used in 
modern text-books of dietetics. They can be utilized as a danger signal, 
warning one of charlatanry, much as the spelling of protein as "proteid” 
and the use of "albuminoid” stamps a book on dietetics as being out 
of date. 

^ A definition of dietetics is that it is the science of applying the hitherto 
discovered facts about food and its vise in the body to the feeding of 
the individual, the family, and the nations. There is no finality about 
dietetics, for though much has been discovered about food, much 
remains to be discovered. Until about 1900 all the emphasis in dietetics 
fell upon Calorics. It then shifted to the proteins. Thence to the vitamins 
and the mineral elements. To-day we say with Sherman that dietetics 
stands foursquare upon Calories, proteins, mineral elements, and vita- 
mins, and it is only with an effort that we can imagine that there may 
be still more legs for dietetics to stand uponyinstead of being a (luad- 
ruped it may become even an octopod or a centipede. Who knows? 
That it is altering in detail is seen from the dethronement of spinach 
as a source of calcium and iron to the body. The whole of tlie calcium 
(595 100 K*) *0 spinach may be sterilized by the oxalate present 

and it has been shown that tomatoes with only ith of the iron of spinach 
yield more iron to the body. Pediatricians accustomed to give sieved 
spinach for iron to a baby six months old must revise their training. 
And as dietetics alters in detail so may it alter in gross. We dare nut, 
as dietitians, dogmatically claim any finality in the subject. One dogma 
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after another is discarded as sound reasoning and experimentation take 
the place of prejudice and custom. i We must approach the science 
sceptically and with a readiness to throw overboard our most cherished 
dietetic beliefs. Dogmatism about food is an excellent danger signal of 
the presence of ignorance and charlatanism. 

Probably the feeding of the individual as compared with that of the 
family and the nation claims most attention in dietetics; partly because 
dietetics unfortunately in this country is used more in treatment of ill 
health than in preservation of health, and partly because we are all 
egoists and more concerned with our own bodies than with those even 
of our children. The \^ictorian parent regularly sent, and the rich parent 
frequently to-day sends, his offspring to boarding-schools where the 
diet was and sometimes still is such as he would not give to his servants. 
(Tilings in that respect, however, are improving and even the most 
famous public schools are beginning to consult the dietitian.) 

In one way attention to individual diets is an advantage. A child, 
whatever its age, should be considered as an individual and not 
lumped in with the rest of the family.' The custom has grown up in 
dietetic work in Great Britain of considering the family as a whole, in 
which a child of, sa\-, 3 years of age counts as some fraction of an adult 
male for all his needs. That plan should be abandoned. A pregnant 
woman is not a non-pregnant woman multiplied by some factor- 
dietctically she is a different individual altogether. A child of 5 may 
need more calcium than an adult and a boy of 14 certainly docs 
Consequently, though the family is the catering unit in this nation and 
IS hkely to remain so, the family considered dietetically consists of a 
number of units each witi, its own individual wants as regards proteins 
Caloncs. mineral elements, and vitamins. ^ ' 


lins again app les to the nation. Yon have not solved the problem 
of he feeding ot tlie nation when you have supplied, let us say, sufficient 
Calones and protein, though yon will have gone a long way in th^ 
direction. \ou have not solved it till everv indiviH.,.! hVi cf 
sufficiency of all the desiderata in dict-proteffif Mori ^ 

elements, and vitamins-has had in lac. Toptim^ffi ’ “ 

Mhiih gives no iniproveineiit in health imd growth when ant ofTts 
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dietitian to see that we all are property Ll. ' ^ 
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(rhere are three types of dietitians apart from other people engaged 
in nutritional work. They are: 

(i) The Hospital Dietitian, whose work is in the wards and out- 
patient departments of hospitals, adjusting the Calorie, protein, 
mineral elements and vitamins of a diet to the needs of patients and 
demonstrating and explaining to patients how to carry out in the home 

the preparation of diets given in hospital. 

(ii) Dietitian-caterer, whose work consists of large-scale catering in 
institutions such as boarding-schools, hospitals, infirmaries, school and 
factory canteens. In the past and for the most part in the present this 
work has been carried out by caterers witli no dietetic training. 

These two classes of dietitians have been and will be naturally 


recruited from among nurses and graduates of colleges of domestic 
science. There is a great and growing demand for caterer dietitians. 

(iii) Public Health Dietitians. Attached to the Ministries of Food, 
Health, Education and Agriculture and to the local authorities in 
Health and Education there should bo, and in a few cases alreatly are. 
dietitians trained in the science of nutrition to a research standard, 
whose duty should be to advise those Ministries and local autliorities 
concerning the nutrition, present and future, of the Pco\Aq. The Hot 
Springs Conference of the United Nations, 1943 ' definitely recom- 
mended that all public authorities should have such an adviser attached 
and that his training should be in the highest degree scientific and of a 
research nature. The recruits for this type of work arc those with 
University degrees in science — particularly physiology and chemistiy. 
During the war of 1939-45 the Ministries of Food and Health secured 
the help of several such dietitians and doubtless in the future this class 

of dietitian will be increasingly needed and utilized. > / 

Tixere are two main reasons why dietetics as applied to the in- 
dividual,. the family, and the nation suffers from a condition of in- 
exactitude. The first is the varying composition of food or es en of its 
individual parts. No one piece of bread has the same analysis as any 
other piece. The red side of a strawberry has more ascorbic acid in it 
than the white side. The outer leaves of a cabbage have more calcium 


and pro-vitamin A than the inside leaves. Consc(iuently unless we 
analyse a sample of what is being eaten by the person investigated we 
cannot be sure what he is actually getting. Thus the number of Calories 
obtainable from a pound of white bread varies from 1037 to over 1200; 
in other words, the error of taking one figure rather than the other is 
about 15 per cent. In the daily diet of a working-class man thedifference 
per day might e^isily be 200 Calorics or about 7 per cent, of tlie day s 


1 According to Lancet (i9|9). I'ragiic lias a public did r.->l.utr.iiit, nia 

by the Czech equivalent ot our T.IJ.C., serving live diets: gaslric, salt liee, low 
fat. nephritic and diabetic (three levels). 
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total. Governments and food faddists have fought the dietitians for 
less. Nor is it different with the protein content of bread. Figures from 
7 to 10 per cent, are given, and judging from analyses made on bread 
from London bakers this may happen in bread purchased in the same 
locality. As this may lead to an uncertainty concerning 13 ’5 g. of 
protein out of the day’s total of 80 to 100 g., the uncertainty is of the 
order of 13-17 per cent. Such uncertainty hardly belongs to an exact 
science. 


Nor is tliis all. 1 he protein in bread is calculated by estimating the 
nitrogen present and multiplying it by a conventional figure — usually 
6 '25. This assumes that proteins have 16 per cent, nitrogen in them. 
This is untrue. Some have more and some have less. The conventional 
figure 6-25 is far from the tnie figure for egg albumin (6-45) or for 
edcstin ( 5 ' 3 S)- Thus according as the liigher conventional figure or the 
more accurate lower figure has been used by the analyst there will be 
a difference of over 10 per cent. 

In the calculation of Calories conventional figures instead of the 
accurate figures have been used. Thus all carbohydrate is lumped 
together and it is agreed to say that each gramme yields 4-1 kilocalories 
on oxidation in the body. So if a food, r- y.- n sweetmeat weighing 10 g., 
consists mainly of glucose, its estimat'^d <.aIorie value will be i0X4'i = 
41 kilocalories, whereas the actual .e is 10x375 or 37-5, i.e. nearly 
10 per cent, less. \\ itli the de^' i* the consumption of starch {4*12 
kilocalories per g.) whir’ ;s taking place to-day and the increase 
m cane-sugar consumpx.-. ^-05 kilocalories per g.) a small over- 
estimate of Die cale • .nsumption results if we accept thcconventional 
hgure 4-1. 

liii- hgim- fo; ,„viem {4-1 kilocalories per g.) and that for fat (0-5) 

arc bota of the. ■..ntk.nal. Which co„rcnlio„nl figures arc used must 

l,y the C ,, and d,r;,.au. In tlie calcnlations made incident- 

aUy m the course i. -.ns book, Rubner’s conventional figures as eiven 

■above, 71 be used. Ihcre is no guarantee that the autlrors quoted will 
have used the same convention w ui 

^ac\^h'u ^''"nH-rated we may point to the 

fact that fat in a food analysis usually means “petrol ether soluble 

substance or even "ether soluble substance." Tliis is certainlv not 

always fat and not always metabolizable. The nitrogen of foods docs 

ItuZabohlble XbrSn hc‘;'Tn':"’ 

....mate of the in.al:^: ' ^ 1 '“T' 

by a person on a known d l-t tl er ^ ’Crates, Calories, etc.. 

^ tlierc 15, an xuinleasantlv 


nneer^aint;,;;; in de\ S " 

help it. L.ie and mone too sk ' t , ' , 

> arc too short to achieve accuraev in dietetirc 
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and we must be content with saying that A’s diet contains the pos- 
sibility of yielding 3000 kilocalories approximately. I'lie approximation 
certainly does not lie within 100 kilocalories, so that in accepting 
3000 kilocalories we are assuming no more than that the true value 
is probably between 2900 and 3100. The estimation of a diet's values 
to more than the second significant figure is absurd. There is thus, in 
the analysis tables which are the basis of our calculations in dietetics, 
an uncertainty and inaccuracy which may be daunting to the neophyte 
and must be devastating to one “hot for certainty in this our life.” But 
as long as it is recognized and allowance is made for it, it is no bar to 
the usefulness of dietetics. 

There is, however, a second ground for inexactitude in dietetics and 
that is to be found in the extreme dietetic variability of the human race. 
We can make average estimates; we may lay down average “laws” for 
the feeding of people: their basal metabolism varies as a function of 
their surface area; the average man needs so many Calories per day and 
the average woman so many less. W'c may speak of average figures, but 
if we apply these figures to the individual we are lost. 

Two good illustrations came to light as the 9th edition of this book 
was being prepared; the one in an article in the British Medical Journal^ 
and the other in a book upon Mass-observation.* The former is that of 
a boy, son of vegetarian parents, who at 9 years of age weighed 4 stone 
3 lb., was 4 feet 2 inches in height, and was intelligent and energetic. 
His diet included but little animal protein— cheese and milk — the 
nitrogen output was low (about 4.! g. i)er day, equivalent to 28 g. of 
protein) and his Caloric intake 800 daily. This boy's height was normal 
for his age, though he was 10 lb. underweight as compared with the 
Christ’s Hospital figures.^ Yet he seemed fit and healthy, though his 
protein intake was not half the normal and his Calorie intake about 
one-third that recommended by the Technical Commission of the 
Health Committee of the League of Nations. ^ 

The second example was that of an all-m wrestler, a champion. 
“And he says that to get that feeling [i.e. that you want to tear the 
other man into little jneces] you have got to eat meat and plenty of it. 
He buys a whole joint at a time. He cats whenever he feels like it, not 
at any fixed time. Once he tried a vegetarian diet for six months. He 
wanted to try it and sec if it was good for him. He found that it made- 
him feel fitter than ever before in his life, but, as he puls it, I didn’t 
seem to have that little bit of fire.’ $0 he came back to meat in the 
end.”* 

Again^ the capacity for absorbing the nutrients in food may vary. 

* Hill, L. (1958), Urit. Med. Journ., 2 , 417. 

* Jhitain by Masi-obiervation (1939). > 27 - 

3 I'rienu. (1935), The Schoolboy, llctlcr & Sons J.td. •* op. cit. 
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Thus McCaiice and Widdowson have show that on the same diet one 
person may be in positive calcium balance and another in negative 
balance; and Meiilengracht that the use of purgatives may prevent the 
absorption of calcium. One of us (G. G.) had a patient whose apparent 
need of vitamin C was three times the average need. Such instances 
could be multiplied indefinitely. 

With such contradictory evidence one might reasonably ask whether 
there is any reliance to be put in quantitative results. There certainly 
is in average figures, but they must not be taken too rigidly. It would 
be wrong to say to either of the people quoted above that he must 
change his diet to bring it nearer the normal, and also wrong to say to 
the average man that he must imitate either vegetarian boy or meat- 
eating %vrestier in departing from the normd. Even in carefully collected 
data on individual intakes in food we find extraordinary’ departures 
from the mean. In the case of men, the Calorie figure per day may vary 
from about 1800 to 5000, and tlie figure for women from approximately 
1500 to 3100. The figures for total protein, animal protein, fat, carbo- 
hydrate, calcium, phosphorus, and iron vary' from one figure to another 
nearly its double. There is no significant correlation between Calorie 
intake and body weight. Nor docs there seem to be any' relation be- 
between occupation and Calories on the one liand or between Calorics 
and the percentage surplus or deficit in weight. A person may be over- 
weight for height on far below the average Calorie intake, or be normal 
in weight and yet take 5000 Calories.i Similar variations, though with 
not so large a spread, were found for women. 2 

All these departures from the mean or average figure are not adduced 
here to cast discredit upon ' ^cs, but to check the too eager student 
of the subject from a; , \ lu.. .av . ■ erage rules which have hitherto been 
discovered in dietetics iuthk-?.dy to all people. Dietetics is by no means 
"totalitarian” in its laws” — in fact, very much the reverse. It lays 
stress, or should lay stress, upon individual requirements and personal 
peculiarities and idiosyncrasies. Perliaps some day wc may be able to 
explain why, in the research quoted above, one subject, a university 
teacher of 28 years, is slightly ovenveight on an intake of 1772 kilo- 
calories per day. wliilc another subject, an electrician one year older 
obtains 4955 kilocalories per day from his food and is not overweight’ 

At present we have no explanation and it is a disservice to the science of 
dietetics to pretend that we have .3 

Di.tctics, though fundamentally quantitative, has difficulty wth 
the extreme variability of the incUvidual. Nevertheless there are rules 

> Widdowson, E. M. (.936), 36 20 g 

3 " =‘"'1 McCxnce, R. a. (.930). im 36 39, 

^^^Mwrobos, oven, show sinular individuality, PowHer, E. O. (^^l. and 
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and quantitative rules for the majority, just as there are laws for the 
behaviour of the molecules in a gas if we take them in quantity. And 
just as physics discovers that the behaviour of individual atoms and 
molecules is unpredictable, so too in dietetics the individual may have 
a behaviour far from the mean. 

That this individuality in practice in dietetics is partly due to 
psychological make-up is fairly certain. The aphorism "one man s 
meanranother man’s poison" has often been used to justify the 
refusal to eat a specified food. Doubtless the aphorism is not meant 
dieteticaUy. but if it is, in most cases it is emphatically not true. On y 
with the allergies can a definite food be termed a poison. An asth- 
matic who is sensitive to egg-white or to cheese is justified in caUing 
egg-white and cheese poisons to him. Cow’s milk may cause an allergic 
cWld to get eczema, and cow’s milk may certainly be termed poison- 
ous" to such a child; dermatologists who naturally see 
allergic eczema may be inclined to believe that cow s milk is a poison. 
But the case of allergies is no definite ground for proclaiming that one 
man’s food is another man’s poison." for the pcrccntap of allergies m 
the populace is not high, though they make themselves hoard par- 
ticularly those prone to hay-fever. What the phrase means is that what 
one man loves to eat is hateful to another, and of that there is no 
doubt. We have all met people who aver that they cannot touch this 
food or that and inflict their likes and dislikes upon their friends and 

relations, often with an unctuous and odious rectitude^ 

lit will be worth while to examine these likes and dislikes of food 
f' they circumscribe very severely the practice of dietetics It is no 
much use giving even the best of foods to a sick person . he has a 
aversion from it; a second-rate dish, if he hkes it will actually do h in 
. more good" as the phrase goes.* It is not much use pin^ \ ^ 
school dieteticaUy if what you serve at table goes mto the pig tub. 1 
practice of dietetics is severely conditioned by food habits. 

In the first place these food habits are not instincts. Moie and more 
wc arc coming to the belief that when man took to reason he scrajipea 
the guidance of instinct. Certainly tlu re is cvKleiice for this m clieletKs. 
If instinct in the matter of foo<l wen; at all ixiramount such things as 

deficiency discases--scurvy.rickets.andlxTi-lx.i - would be unhea^ 

Rickets was rife in Elizabethan days before any mdustnal rcYdulio . 
We were a seafaring race, hut did instinct tell our sailor forebears to 
consume fat fish and cod livers? On the contrary some iihysicuins 

1 Marie Llovd 'A little of w.-t ver fancy d*>e^ yer Ku<»ci.’ lY^ar.Uait 

of tins ^^e ,uute 1 ^ ‘ her lur 

failure. She had vomited all the c-ireliilly cliobcii oo| ^ v l>,,!lv clm'-e 

days. In despair tlie phy.ic.a.i said >hc im;<ht have ^^h.ll ‘ ‘ id 

and was given, fried sausages. She wa^ it-.l mcU ami ‘ 

recovery from the dropsy, bueh exceptions j>rove ti-C. pro c) 
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associated living by the sea with rickets. Up till 1800 scurvy was a 
common late winter and early spring complaint in England, but did 
instinct tell our fathers to eat the potato which was certainly introduced 
into Europe in the sixteenth century? Instinct does not tell the Aki- 
kuyu to eat more of the foods which would give him strength and 
stature, though tribal custom does, interestingly enough, allow the 
woman more of the foods which supply calcium than the man — a 
possible adjustment of diet to child bearing.^ Instinct does not lead the 
Eskimo in contact with white folk and therefore inclined to adopt his 
food to eat the salmon berry, 2 which might prevent his getting scurvy. 
He has to be taught to do so. 

In fact, unless it be in the matter of Calories, instinct is a poor guide 
to the right food. It tells us nothing about the amount of first-class 
protein, nothing about the mineral elements, nothing about the 
vitamins needed per day. And this is true too of domestic animals 
such as the dog and the laboratorj^ rat. 3 The puppy has to be taught to 
cat meat* and the laboratory rat can be fooled as to w’hat food “did 
him good." Instinct does not guide. ^ 

What probably enables a rat to choose the diet w-ith vitamin in it 
as against one which is deficient, w'hilc he cannot do so w'hen vitamin 
A is in question, is the euphoria which results on taking the right 
thiamine diet. We have a euphoria as the result of taking alcohol or 
other drugs such as morphine, cocaine, or heroin, but the euphoria is 
no proof, though it is often accepted as such, that such potions are 
doing us good. The fact is that food-likes and dislikes are largely habits, 
conditioned reflexes, learnt automatic reactions and have little or 
nothing to do with instinct, defence mechanisms, and so on. 

It is a commonplace that w'e can learn to like a food which has at 
first filled us with nausea. To the English the eating of green olives is 
an acquired" taste; eating black olives still more so. Some of us can 
remember acquiring the taste. To the Spaniard the acquirement comes 
so early in life that olives appear to be an obvious and natural food. 

may be lost and distaste take their place. 
Stefansson has a story of a sailor who had acquired a distaste for fat in 
early life. He liad stolen some fat, was made by his motlier as a punish- 
ment to eat a large quantity of it. became violently ill as a result and 

i Ork ami Gilks. (1931). Med, cut lieicarch Couucil Sptcutl Report Series. No. 


- Stefansson. (igai). The I riendly Arctic, Macmillan & Co.. 63. 

3 Harris. Clay, Hargreaves, and Ward. (1933). Proc. Roy. Soc.. B 
^ Pavlov. Conditioned lie ft exes. 


113. 


<1.0 v,e.vs he,o 

1945. 2 . 4 ^ 7 - 


tiurvcy i^ect., ^^.0^ Uinit-rrrry c ’ '•mv iicru bCt forth. 

7 (,. ,g 2 .CiL Lam, Malone, (1945). Johns 
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thereafter “could eat no fat.” Many of us can match such an observa- 
tion. A food may have been the cause of or accompanied some aliment- 
ary upset and after that that food tasted unpleasant. The upset need 
not be alimentary'. It can be emotional. A child may connect some food 
with discipline from parents and not be able to eat it for the rest of 
his life. 

Naturally these food habits arc usually acquired in early life. \\'hat 
one is brought up to eat, that one likes. As Stefansson puts it. bread 
seems a natural article of diet to a Western civilization, and rice some- 
thing that one eats occasionally. To an Eastern civilization rice seems 
to be the natural “staff of life” and bread a not very interesting 
adjunct. The rice-eating Bengali in 1944 preferred to starve to death 
rather than eat wheat flour. In various books and articles Stefansson 
has shown this principle to be working amongst his colleagues in Arctic 
exploration, the Eskimos he met, and the dogs who drew his sleighs. 
Of his colleagues, the University men were the most willing to change 
their food habits. To eat meat and little else for a year was an ad\ enture 
— it attached itself to a conditioned reflex (adventure) and became part 
of it. To those who had been brought up on but a few foods it was a 
hardship to live entirely on meat. They hankered for bread and flour, 
with disastrous results in one case. It was the same with the Eskimos. 
They would not eat what they were not accustomed to. The males were 
less conservative than the females; the cluldren were experimental but 
always checked by the females. Among the dogs it was the same. Dogs 
brought up on fish had to be starved into surrender before they would 
cat caribou (deer); dogs brought up on caribou had to be starved into 
surrender before they would eat game; and so on. Fortunately if the 
food were allowed to go putrid dogs would eat it wliatever its source. 
The females had stronger new food “resistance” than the males. Among 
human beings and dogs it is the females who teach food habits to the 
young. 

The wonder is that any food habits change, for there is a circle 
“what-one-cats-when-young, that-onc-likcs-and-hands-on-to-one's-ofl- 
spring" which theoretically should rotate for ever. Fortunately there 
are progressive and rebellious spirits who break away from famil>’ 
traditions, travel and bring home new habits. And there arc the 
intellectuals who will not be subservient to their tastes. None the less 
it takes a long time to introduce a new food. It took at least 200 years 
for the potato to get a hold upon Europe, and the tomato a hundred 
years. More recently the grape fruit has conquered us in England in 
about 30 years and it may be that the avocado pear, the lichee, the 
persimmon and the grenadilla will be added to our lists of common 
foods more rapidly still. 

All this, dietetics has to recognize. It has tp realize that there are 
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limits set upon its scope of action. It cannot be accurate to \vithin 
definite wide limits because the composition of foods varies within wide 
limits. It cannot lay down dietetic laws applicable to everyone, because 
of the variation in men's needs (? habits), because some take more than 
their share {are pleonectic) and some take less than their share (are 
meionectic). It dare not impose, as most food faddists and fanatics try 
to impose, its discoveries concerning one man or group of men, upoi) all 
and sundr>'. It must realize that the psychology* of the individual may 
play havoc with any plan of diet based even upon ^ride observation and 
that unfortunately therefore a poor diet may suit such a person better 
than a well-conceived diet. Although its task is to educate the general 
public to the belief that a food is a food only in its capacity to supply 
fuel, building, and regulative materials, not in its capacity to please the 
palate at first bite, none the less it must recognize that food habits are 
fairly unsliakable, and that to do any immediate good it must work 
within the ambit of those food habits and prejudices. One part of the 
work of practical dietetics is to feed the sick, and this can only be done 
if their likes and dislik< s are recognized. But another part of its work is 
to educate the individual, the family and the slate in the best methods 
of feeding themselves to advantage. This .ill often mean the breaking 
down of food prejvalices. and the questio • Is where in the vicious circle 
of food habits tu make vour attack. le probable answers arc (i) at 
the point when the mother has her first l-aby, (ii) sometime in 
adolescence when one is always hungry and reacts against one’s up- 
bringing. and tiii) when the int‘-^'ect takes charge, if it ever docs, of a 
person’s reactions. 



CHAPTER II 

THE FUNCTIONS OF FOOD. (I) SUPPLY OF ENERGY 

Food has been defined in the first chapter as anything which, when 
absorbed into the body through the alimentary tract, is capable of one 
or more of three things, (i) furnishing the body with materials from 
which to produce heat, work, or other forms of energy', {ii) enabling it 
to grow or to repair its wear and tear, and (iii) supplying regulators, or 
the raw materials for regulators of its functions in producing energy, 
growth, and repair. It will be noticed that this definition is physiological, 
i.e. it deals with what the foods do in the body— what are their func- 
tions. Perhaps the third function needs some explanation. There are 
reactions which go on in the body at a definite speed in the normal 
person, but in the abnormal person may go faster or slower. If the 
thyroid gland elaborates too much thyroxine its owner bums up fuel 
materials too rapidly; if too little, too slowly. The iodine and the 
tyrosine from which the thyroid gland elaborates thyroxine are found 
in food. Similarly the oxidation of carbohydrates in the ceU is directed 
and regulated, among many other things, by thiamine, riboflavine, and 
nicotinamide, three vitamins preformed in food. Without these pre- 
formed catalysts the normal processes of the body will proceed at 
abnormal velocities or not at all. This tliird function of food, which will 
be dealt with in Chapters IV and V, is a discovery of this century. It 
receives its main impetus in the second decade and has almost monopo- 
lized attention in research in dietetics to the present day. 

Though the outlook of the dietitian must be physmlogical, this does 
not mean that the outlook of the chemist can be dispensed with. On 
the contrary dietetics must keep in close collaboration with the chemist 
without, however, aUowing his concepts to dominate the field too much. 
Without the chemist and the biochemist wc could not have obtained 
any idea of the nature and mode of operation of the vitamins. They 
would still be mysterious somethings, the cynosure of every food 
faddist and quack medicine and food advertiser. The more we know 
about their chemistry the more accurately we can use them in dietetics. 

On the other hand dietetics must keep in touch with the caterer. It is 
not enough to know what substances are necessary for adequate 
• nutrition, we must know how and where to obtain them in foods a.nd 
the most convenient and possibly the most economical ways of buying 
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them. To take an extreme example: should an Arctic explorer live “off 
the land" as Stefansson and the late Gino Watkins did, or should he 
carry food in its most condensed form from temperate climes? 

The outlooks of the three types of persons interested in dietetics are 
here arranged tabularly: 


The Physiologist. The Chemist. 

Foods arc useful \ These foods contain 
for — /respectively — 

I. Energy production. ;^i. Fat, carbohydrates, 

; and (though not so 
important) proteins. 


2. Growth and repair. 2. Proteins mainly, and 

! to a less e.xtent cal- 
\ cium, iron, etc. 

3. Control, regulation. '3. “Mineral” elements 
and direction of pro- and vitamins, 
cesses in the bodv. \ 


The Caterer. 

These substances are 
found mainly in — 

I. Dripping, lard, suet, 
butter, margarine, 
cereals, sugar, dried 
fruits, pulses, and 
things made from 
these. 

3^ Milk, eggs, cheese, 
fish, and meat. 

3. Dair)' foods, certain 
.''ifif-d fruits and 
ver'0,i’,jles, and the 
Li l! ii. 


This classification is not perfect, nor is the alignment between the 
three columns perfect. For instance, although wc in Great Britain 
obtain only about 10 per cent, ol our Calories from jirotein— and, as it 
were, incidentally and by accident— perforce in the Arctic Circle and 
among the Masai by choice, 44 and 39 per cent, of the Calories respec- 
tively arc derived from protein. Whereas it would be true to say that in 
Europe tiie energy value of our diet arises largely from the fats and 
carbohydrates, it would not be so among the Eskimos and the male 
Masai. Again the mineral elements in our diet arc mainly used fur 
catalytic purposes, but (notably) calcium and phosphorus, though 
essential for such purposes, are also us. d in relative ly^ .-non omw 
(juantities for building the skeleton, with the result tMHHPcliild’s 
and the adolescent’s need for edeium and pliosphorus is gfSfr, much 
greater, than tlie adult’s. Inirther, it is true that whereas w^get our 
energy-producing foods mainly from the grocer and baker, and the 
body-building foods from the dairyman, the butcher, and the fish- 
monger, we cannot say (as has unfortunately often been said) that we 
get our regulators of bodily reactions— our mineral elements and vita- 
,nms-from llic greengrocer. Cdcium and phosphorus wc get in large 

'vTZ '’nT' and our 

r itanun D from eggs and (pro-cininc-nUy) fat fish. Nor, again, arc all 

mts and vegetables of use for mineral elements and vitamins: the 
KraiK- and the pear :tmong fruits and the n, arrow, to take three e.xamples 
f.om many, being nearly worthless so far as is at present known as 
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purveyors of these necessities. For the purpose of supplying sources of 
vitamin C, a vitamin relatively rare in the dietary of many preparatory 
and public schools, fruits and vegetables must be closely scnitinized and 
chosen from appropriate tables.* Too often does one read on a school 
prospectus “abundance of fruit and vegetables given for the vitamins.’’ 

On looking at the third column of the table on page i6, it will be 
seen that some foods appear (or w'ould appear if w'e could make our 
lists complete w'ithout overloading) more than once. For example, cheese 
appears as a body-builder (25 per cent, or more protein) ; it also appears 
as a supplier of mineral elements (800 to 900 mg. calcium and 650 mg. 
phosphorus per 100 g.); it would reasonably, too, appear under the 
energy-producing foods for 410 Calories per 100 g. are obtainable from 
it. Milk too appears as body-builder (the best there is) and as supplying 
mineral elements (calcium and phosphorus) and vitamins (A, and 
riboflavinc). It, too, is not negligible for energy. The herring is excellent 
and cheap for body-building material; fair for vitamins A and D and 
contains some calcium. Moreover, it can supply energy. These foods — 
milk, cheese, eggs, and herrings — appear then to be the most important 
foods from the point of view of dietetics. It is unfortunate that these 
valuable foods are not more used. 

The Chemistry of the Food-stuffs. Any food may have any or all of 
the following classes of chemical substances in it: 

I. Proteins, e.g. c aseino ggn. albumin, m yosin , glutiin. legumin. 
gelatin, etc. ' " 

'2. Fats, e.g. triglycerides of fatty acids such as butyric, caproic, 
myristic, palmitic, stearic, oleic, linoleic and clu panodoni c acids. • 

3. Carbohydrates, e.g. starch, d gxtrin s. glycogen, sugar, cellulose. 

4. Mineral elements either as salts or in combination with organic 

material, e.g. common salt, and compounds of calcium, phosphorus, 
potassium, magnesium, iron, and iodine. ^ 

5. Extractives and flavouring matter. 

6. V 

7. W 

We wilLdefer consideration for the time being of any but the fats and 
carbohydrates, for these are the main sources of energy in the body. 

Fats^ The majority of what wc call fat consists of molecules of 
glycerol, each combined with three molecules of fatty acid. Glycerol 
is represented as 

CH2OH 


CHOH 


CHjOH 

* Niiiritive Values oj Wartime Foods, Med. Kcs. Council War Memorandum, 
No. 14, H.M.S.O., 1945. 
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and some of the fatty acids which combine with it to form fat aie 
butyric acid. CaH.COOH; palmitic acid, stearic, 

Ci,H3eCOOH; and oleic, C.^da^COOH. Acids of the series C„Ho„_^ 0 , 
C„He„.,.02 and may be found in the fats of foods. 

Rarely is only one acid present in a fat, with the exception of olive 
oil, which is mainly triolein, i.c. glycerol united with three molecules 
of oleic acid. Generally the fats are mixed triglycerides and if we 
represent the part of the fatty acid in front of the COOH groups above, 
by R,, Rj, and R3, the fats are of the type 


CHoOOC.Ri 

CHOOC.Ro 


CH^OOC-Ra 

The fats of different animal and plant foods are different because of 
the nature of the fatty acids present in them. Olive nil lias oleic acid 
almost entirely. Butter has some butyric aci<l. X’egelabK- fats have no 
butyric but fair amounts of acids like ra]>rvlic. Mutton fat has palmitic, 
stearic, and oleic acids. Cod-liver oil and lish oils generally have many 
of the highly unsaturated fattv .uids. 

This variation of composiium has some bearing on tlic dietetic 
value of fats, though but small bearing on tlieir energy- value in diet. 
It is true that a bighlv oxidi/.able fat .like cod-liver oil, will give out more 
Calories when o.xidized than a saturateil fat, but in practice this differ- 
ence is neglected. We take the value of 9-3 Calories per g. as the con- 
\ entional standard whatever the actual Calorie value of the fat may be. 

The Carbohydrates comjirise a group of substances more unlike each 
' otiier superficially than are the fats, but none the less having more 
likeness in the units from which they are made. As the term suggests, 
the>' are comi-osed of the elements carbon, hydrogen, and oxygen, the 
latter two being in the proportion of two to one as in water. The 
rl. inentary units of the carboliydrates imi)ortant in food arc the simple 
sugars containing six carbon atoms; the hexoses or monosaccharides, 
glucose, fructose, and galactose, and into these monosaccharides all 
carbohydrate foods have to be resolved by dige.stion before tliey can be 
of use to the body. 1 wo monosaccharides united form the disaccharides, 
cane sugar (sucrose), malt sugar (maltosej. and milk sugar (lactose), all 
o which have importance in dietetics. March, glycogen, and dextrins 
a I comp e.xes o uionosacdiaride units (glucose in every case) and 

are herdore called polysaccharides. Starch grains contain two poly- 
atcharidcs. amyluse and amvlupecUii. Amvlnse has the glucose units 
.uranged m a long cl.am, while amyluiKclin has a Liininatod stmeture. 
end of one sliort , liam being united to the middle of the next group. 
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Any number of glucose units up to 2000 are found in starch, while 
each group in the laminae of amylopectin may contain 20-25 glucose 
units. Glycogen's structure resembles that of amylopectin, but 12-18 
units form the individual groups. 

Amylopectin in the raw state is indigestible, which accounts for the 
fact that raw potato starch {73 per cent, amylopectin) causes colic 
when eaten in any large amount. 

Of the monosaccharides glucose is found in nature in fruits such as 
grapes, in vegetables, and in honey; fructose in the majority of fruits 
and in honey; while galactose is not found free. Cane sugar, among the 
disaccharides, is found in the sugar cane and sugar beet, in other root 
vegetables and in most fruits. The commercial product sugar is 
practically 100 per cent, cane sugar. Syrup and treacle contain 70 per 
cent, hexose sugars. Malt sugar is found in malt and malted products 
and milk sugar in milk. 

Starch is present in all the cereals, in the pulses, in chestnuts, and 
in potatoes. Dextrins occur in manufactured foods as the result of 
submitting starch-containing foods to dry heat or to diastatic enzymes. 
Consequently the crust of bread and cakes, biscuits and breakfast foods 
and also the c rumb _p f bread contain dextrins. 

Glycogen, thToiTly carbohydrate of animal origin, is found in liver, 
in shell fish, and to a much smaller extent in all muscles (“meat”). 

In addition to these carbohydrates, which may be termed the 
“available” carbohydrates, because the body can utilize them as fuel, 
there are a number of substances occurring in fruits and vegetables 
which dietitians loosely and incorrectly call “cellulose.” They are plant 
cell-wall products. One. pectin, which is responsible for the “jelling” of 
jams, is a mixed colloid with a pentose, galactose or methylated 
galacturonic acid as the units of structure. Others have derivatives of 
glucose, mannose or galactose as their basic units. Neither pure cellulose 
nor these other substances are digestible, absorbable, or metabolizable 
by the body. Their only function in diet is to hurry a meal along the 
alimentary tract owing (i) to their mechanical action (e.g. lettuce leaves 
the stomach more rapidly than many a digestible food), and (ii) to the 
irritating effect of the chemical products of their decomposition by 
bacteria in the large intestine. The value of these “unavailable” car- 
bohydrates or “roughage" in diet has been, and still is, over-rated. It is 
assumed that some roughage is essential in diet for normal people; 
more still for those who possess a sluggish large intestine, and it is 
possible that its absence from a diet is essential for those who possess 
a spastic colon. 

The fuel value of the available carbohydrates is assessed at 4*1 
Calories per g., although that of starch is nearer 4'2, while that of cane 
sugar is 3*95 and of glucose 375; 4-1 is a “conventional" average 

- - 

4 , 
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figure. In most food tables under the heading "carbohydrate" the 
figure for tlie available carbohydrates is given; but in older tables often 
the carbohydrates of the fibre (i.e. cellulose, pentosans, etc.) is included 
and the Calorie value is too high. 

Proteins, as stated above, can be and are used by the body for the 
production of energ)'. Indeed they are used entirely for that purpose 
if no carbohydrate is taken along with them at a meal.i This is so 
because in the breakdown of their constituent amino acids in the liver 
they pass either through a carbohydrate (glucose) stage or a fatty acid 
stage and are oxidized as such. A little more than half of the protein is 
oxidized \ ia the glucose path and somewhat less than half goes by the 
fatty acid path. 

Tiic conventional figure for \\wfuel value of protein is 4-1 Calories 
per g. Outside the body the fuel value of prc»tein burnt in oxygen is 
5-6 Calories. The reason for this discrepancy is that the body does not, 
and could not without danger, burn tlie protein as completely as it is 
burnt in the calorimeter. The body oxidizes the protein to a stage in 
which it is safe and convenient to get rid of the end products of com- 
bustion. Tlie bomb calorimeter oxidizes protein to carbon dioxide, 
water, and oxides of nitrogen (tb*' ^'ist-named arc poisonous). The body 
oxidizes protein to carbon dioxiuf, water, urea (mainlv), and uric acid 
and other nitrogenous substances. ITea and the other nitrogenous 
substances would yield a considerable anuuiiu cd heat if burnt in the 
bomb calorimeter and it sluuiM be clc.ir, from the doctrine of the 
couservatk". of ce rgy. tlial tin- caloric valuo of a ]>rotein to the liody 
IS its bomb calorimeter value minus tlie bomb calorimeter value of the 
waste jirodiicts- im.i, etc. in ihe botlv. This has been investigated 
many limes and f -und to be true \witliin tlic limits of experimental 
error of the apparatus). \\V may take it as beyond doubt that the 
doctrine of the eoiiMivation <if energy is true fiir the human body, 2 
and that thr average \;tlue for tlie j.riU. lns consumed in the body is 
4-1 Calories inr g. Eurtlier consid'-ratimi of the ] ruteins' is 

ileferred till wc eome, in the next clia{.ter. to llicir fimcti..n as body- 
build 



nergy. llu- words energy, work and heat have been used abo\-e as 
thougli were one and the same thing. To the layman "energy" 
Iirobably calls up a lecture of rate of doing work (which the scientist 
dubs power’), or even a fussiness in doing work-an idea best 
represented by the American slang word "pep." To the scientist, on 
the other hand, energy is pmbabiy the fundamental rciility pervading 

' ai.a .Me.Mox 11.J3.J), ls,„chcn:. 33, i ,3. 

u-'j'it " lU no science of dietetics 
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the universe. Matter, hard and impenetrable as it appears can be 
resolved into electrical energ>'. The prime source of all energy on this 
earth is the breakdown of matter in the sun in its slow passage from a 
bright largish star to a dark, heavy dwarf. If energ>' per\'ades every- 
thing it must be protean in form, as indeed it is. It appears now as 
electricity, now as light, as muscular and machine work, as potential 
work in the high mountain lake or reservoir, as kinetic energy in the 
waterfall, the tides, or the turbine race, as chemical energy and as heat. 
And it almost foUows that since energy appears now in one form and 
now in another that these forms are interconvertible. We know that 
energy (say) of Niagara FaUs may be made by appropnate machinery 
to appear as electrical energy throughout southern Ontano and m 
adjacent parts of the United States; or that energy radiated as electric 
waves from Daventry may activate a radio set in New Zealand. 
Similarly one day the energy of the tides in the Severn estuap: may be 
made to run machinery in and to light Bristol, Gloucester and Cardiff. 

The source of energy of the infinitesimally small speck of planetary 
matter which we inhabit is the sun, which for many billion years has 
been radiating and will continue to radiate for many more billion 
years energy into space in the form of light and heat and other elec- 
tromagnetic waves. Of this energy the earth intercepts a tiny fraction 
and on the use of some portion of this fraction life depends. Without 
energy, life is impossible. Living plants imprison energy in their seeds 
and storehouses such as tubers, rhizomes and roots. Animals, including 
man, prey upon these sources of cne^g>^ Or the plant in ages past 
having imprisoned energy in its tissues, dies and leaves a heritage of 
coal to be used millions of years later by man as a source of energy. 
Every muscular movement we make, whether cardiac, respiratory or 
mechanical, is based on stored chemical energy derivable in the first 
instance from the sun via the plants upon which animals prey. The 
physiologist can demonstrate that each drop of saliva, sweat or urine 
secreted requires energy to produce it. Possibly, even, though of this 
there is still reasonable doubt, each thought wc think necessitates the 
expenditure of energy. All this energy comes from our food, which 
originally comes from plants and initially from the sun, trapped by 
plants and twisted to the uses of life. Consequently the study of food 
as a source of energy, in the strict scientific usage of that term, must be 
of prime importance to the dietitian. 

Energy then pervades everything, appears in manifold interconvert- 
ible forms, is indestructible, is essential to life. Through energy wc live 
and move and have our being. Our source of energy is food, i.e. energy 
stored in the first place by plants from the squandered energy of the 
sun. 

Naturally the dietitian wai^ to know how much energy the human 
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body needs per day and therefore how to measure it. As all energy is 
indestructible and interconvertible it hardly matters in what form we 
measure it, so long as we know the conversion factors from one form of 
energ)' to another. Thus when we lift one pound one foot against the 
pull of the earth we do one foot-pound of work. Wlien we heat i lb. 
water through one degree Fahrenheit we put energy into the water 
equivalent to 772 foot-pounds of work. Knowing that factor, 772, it 
docs not matter much to us whether we measure the w'ork of the body 
in thermal units or in foot-pounds. Actually in practice we prefer to 
measure the daily output of energy of the body in thermal units — 
usually as Calories. 

For this there are Uvo reasons, (i) the figure it gives us is convenient 
to handle — it is e.xpressed in thousandsi rather than millions or billions, 
and (ii) all energy in the body, and elsewhere, ultimately appears in the 
form of heat. Our muscles contract and at once produce heat. The 
friction in our joints produces heat. To put our muscles into a state 
in which they can contract again produces heat. The stone we hurl 
through friction against the air produces heat. In its final contact with 
the earth its kinetic energy is transformed into heat. Moreover the 


transformation of heat energy into mechanical work involves a wastage 
of about tuo-thirds of that energy — as heat. As the body must be 
assumed to work in accordance with the laws (i.c. "nilcs”) of thermo- 
dynamics— heat and work arc interconvertible in definite proportions, 
and it is imj^ossiblc to produce a constant su{)ply of cnerg>’ by any 
isolated self-acting machine— the majority of the energy of the body 
appears as heat. In fact if you isolate the human body by placing it in 
a calorimeter (see below) all the energy it puts forth must appear as 
heat, lliat llu rcfore is the most convenient fibrin in which to measure 
the output of energy by the body and therefore— energy being in- 
destructible and uncrcatable— the energy needs of the body. We 
measure the output and needs of the body k'r energy by calorimetry. 

\\ e have mentioned the CaU'rie as being the measure wc adopt of the 
body s output or needs per day. The Calorie is the amount of heat 
raiuisitc to raise the temperature of one kg. of water (g-os lb ) one 
degree centigrade (- FahrenlKit).= l or those who think in ponmis and 
degrees Hd.renI.eit, as is ■•natural" in this country, the Calorie is almost 
c.sactly four times the si/.c of the "naturar' British unit, i,c. the heat 
nccessar\’ to raise onr pound of water one degree Fahrenheit. 

If the bud>- gives out heat in tiie course of a day whicii would raise 


'-S--. 0,370,000 foot-pounct 
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either 3000 kg. of water through i® Centigrade; or 300 kg. throOgh 10 . 
or 30 kg. through 100® ; we say that the body has given out 3000 (kilo or 
great) Calories. This indicates that the food must supply 3000 {kilo 
or great) Calories to the body in the course of the day. 


Calorimetry 

Direct Calorimetry. We can measure the heat given out by the human 
body and the heat of oxidation of foods by calorimeters. Human 
calorimetry has been raised to a point of great accuracy. Originally the 
calorimeter or container was the size of a tiny room 9 x6 x6 . Such 
calorimeters are still in use and can contain a bed, or a table and chair, 
or a stationary bicycle with magnetic brakes upon which work may 
be done. The “room” has copper walls and is enclosed within three other 
shells, the inmost zinc and the outer two wood, all insulated from each 
other. A series of close-fitting doors through these shells pves access 
to the calorimeter and there is a window through which food can be 
passed to the subject or excreta passed out for analysis. 

To measure the heat produced by the subject iced brine is circu a ed 
through radiators in the calorimeter. The volume of brine circula ed 
during the experiment is weighed, and this weight multiplied by the 
rise in temperature of the brine, which is measured by vep^ accurate 
electrical resistance thermometers, gives a measure of the Calories 
absorbed by the radiators. If we add to this the heat absorbed in 
vaporizing water in the lungs and by the skin we have subject to 
small corrections, the total heat produced by the subject during the 
experiment The air in the calorimeter is purified by sucking it out with 
a rotary blower. It is then passed through a container with sulphuric 
acid in it to remove moisture, then through one with soda lime to 
extract the carbon dioxide, next through another container with 
sulphuric acid to trap any water from the soda lime, and last back into 
the calorimeter. As the air would be depicted of oxygen if further 
oxygen were not admitted there is an apparatus attached which auto- 
matically allows pure oxygen to enter from a cylinder whenever the 
pressure within the calorimeter falls to an appreciable extent. 

The apparatus thus measures not only the heat given out during the 
course of the experiment but also the oxygen absorbed and the carbon 
dioxide and water given out by the subject. We can, from these data, 
together with the nitrogen excreted by the kidneys, calculate what 
materials have been consumed in the body of the subject during the 
experiment. 

We can also, if the subject spends a long time in the calorimeter, 
compare the heat he gives out with the theoretical amount he could get 
from burning the food he has eaten. This must be, as explained above. 
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the heat obtained from oxidizing the food in oxygen minus the heat 
obtainable from oxidizing the excreta in oxygen. When the experiment 
is made, as has been done many times, it is found that the directly 
observed output of Calories equals almost exactly that indirectly 
calculated. The difference between the two is within the error of 
experiment. In fact the difference is about 0*2 per cent. 

Modifications of such calorimeters are in constant use in the richly 
endowed hospitals of the United States, and for further information 
the reader is referred to Du Bois’ book* on Basal Metabolism. 


Bacon 
Batten 
Fat Goose 
Fat Pork 
Fat Mutton 
Maize 
Rice 
Peas 
Fat Beef 
Coarse White Bread 
Wholemeal Bread 
Fine White Bread 

Cheese 

Lean 



Potatoes 

098 

VeaJ 

0 75 

Milk 

070 

Carrots 

£57] 

Apples 

034j 

Spinach 


Oranges 


Strawberries 


Lettuce 

3 


0 98 


iMC. i.-Nl-mber of Calories yielded nv the Comi-lete Combustion- of 

One Gramme of V.\rious Foods. 

CaJonnictrj' of food - in which flic food is burnt outside tlie body in 
a calorimeter-^s usually carried out in the bomb calorimeter. This 
consists of a thick-walled nickel steel vessel in which a fifth of a gramme 
gramme of the food under consideration is burnt in oxygen under 

TiLwi & roi-,,.;,!,, Balliere, 
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considerable pressure^ The food is placed in a platinum crucible, and 
lowered into the bomb, the bomb is closed by a massive accurately 
fitting screw plug, oxygen under several atmospheres pressure is ad- 
mitted through a small vent into the bomb, which is then closed. The 
whole is lowered into a metal calorimeter filled with water. When the 
temperature of the water becomes constant, the food is fired by means 
of electrical leads passing through the stopper of the bomb, the food 
burns instantly to carbon dioxide, water, and oxides of nitrogen with 
evolution of heat. This heat passes to the water of the calorimeter and 
the rise in temperature of this water, subject to many corrections, gives 
a measure of the Calories given out when the food is combusted. 

As explained above, the figures for fats and carbohydrates are the 
same for combustion in the body as in the bomb calorimeter; but for 
proteins a considerable amount less is obtained by the body because it 

does not oxidize protein so completely. 

In the same way the Calorie value of the excreta produced during 
long experiments on animals or human beings can be obtained. The 
substances arc dried, powdered, and aliquot portions of about half a 
gramme to a gramme compressed into small tablets and combusted in 

the bomb calorimeter. 

As explained above it is found that the actual direct calorimetry as 
measured by the human calorimeter gives the same results as those 
from indirect calorimetry as measured by the bomb value of the food 
eaten minus the bomb value of the excreta produced from that food. 

Such a method of estimating the Calorie output of a man takes much 
time and is very costly and cannot be used on any large scale. It 
certainly could not be used to ascertain the Calorie value of the diet of 
a family, an institution or the nation. There are two convenient 
methods of indirect calorimetry— one applied to the individual and 
one more useful in estimating the Calorie value of a diet. 1 he first 
method needs rather expensive apparatus, such as the Benedict-Roth 
portable apparatus which can be used at the bedside, and the other no 
more than a book of tables, a balance and logarithm tables, slide-rule 
or a calculating machine. 


Indirect Calorimetry: by gaseous exchange 

The former method is cliiefly adopted in hospital practice in measur- 
ing the Calorie output of a person’s basal metabolism, i.e. the rate at 
which he is giving out heat some 12-16 hours after his last meal 
and when in a state of rest. The Benedict-Roth apparatus estimates 
this in so short a time as 10-15 minutes by measuring the 

» For technical details, see Tinkler and Masters. (1932). Applied Chemisiry. 
2. 266-75, Crosby Lockwood & Son. 
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consumption of oxygen during that time. If we make the assumptions 
that the protein consumed during that time is negligible and that the 
carbohydrates and fats during that time are completely consumed to 
carbon dioxide and water we can estimate the heat given out from the 


Tahlh fok C.\lcui..\ting Calorie Output from Oxygen Absorbed 
(After Zuntz and Schumberg, modified by Lusk) 


Per cent. Calories derived from: 
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ox.VRen ahsorlH.l an<i U,. carl.on dinxMc Ti,c volume of 

.:a.l,on r.v, n ou, bv U,e „xvev., absorbed is calla^he 

ris|,iratorv qii .lieat, and during Uie poit-absor|.tive st.T-e (i e 

Lours rd.er a meal, .s o-ba. br,,.,, ,l,e Lusk table aboe^we see ^hat 
every h.re of oxygen altsorbed .dmnld represent 4.S.5 Calories T. 
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respiratory quotient of 0'S2. Similar figures from the carbon dioxide 
evolved can be used. 

Actually it is usual, following Benedict, to calculate the Calories 
from the oxygen absorbed, though Poulton, in this country, gave 
evidence that it is better to calculate it from the carbon dioxide 
evolved, on the grounds that all the oxygen absorbed docs not reappear 
as carbon dioxide evolved. In hospital practice it is usual to accept 
absorption of oxygen as a sufficiently accurate measure of the Calories 
probably produced. At any rate the measurement is accurate enough to 
aid the physician in diagnosis of such diseases as hyper- and hypo- 

th\Toidism, leukaemia, and Addison s disease. 

A new, light, portable calorimeter— really a gas meter with a bye- 
pass to take samples, something Uke the original Calorimeter of Voit— 
has been evolved in Germany.^ It gives figures in admirable correspond- 
ence with those derived from food intakes. 2 Carried on the back it can 
be used to measure the heat given out in various occupations. 

Indirect Calorimetry: by food intake. As was said above, the average 
calorie value of carbohydrates burnt in the body is assessed at 4-1 per 
g that of fats 9-3, and that of proteins Therefore from the 
analyses of foods we can calculate their Calorie value to the body. To 

take an example: . • r 

Suppose that we analyse a food and find that it consists of 


Protein ..••••• 

Fat 

Carbohydrate . • ‘ ‘ 

Water and mineral material to 100. 


5-0 per cent. 
100 
200 


( « 


Pt 


Then its Calorie value per 100 g. would be 


Protein . 5-0 x 4-1 =20-5 

Fat . . . 100 X 9*3= 930 

Carbohydrate . 20-0X4’i= 82'0 

Total . . 195-5 

orperoz. . 1*955 x 28 - 36 = 55-44 

or per lb. . • 1 -955 x 453-6=886-8 

For all practical purposes 196 per 100 g., 55*4 per 02. or 887 per 
lb. are sufficiently accurate values. 

Tables of the composition and Calorie values of foods have fortun- 
ately been made by various workers in different countries and the 
commonly used ones are here given: 

1 Kofbanvi, E., and Michahlis, H. F. (I 94 >) ArOeilsphysiologie. ii, 148* 

2 Passmore, R.. Thomson, J. G., and Wannock, Grace M. (1952)- / 

Nut., 6, 253. 
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Proximate Composition of American Food Materials. Chatficld, 
Charlotte, and Adams, Georgian, U.S. Dept. Agric., 1940. 

Nahrungsmiitcltahdle. Schall, loth edn. Kabitzsch, Leipsig, 1932. 

Chemical Composition of Foods. Medical Research Council Special 
Report No. 233, 3rd impression. McCance and Widdowson. H.M.S.O. 
1942. 3 shillings. 

Nutritive Values of Wartime Foods. Medical Research Council War 
Memorandum No. 14. H.M.S.O. 1945. i shilling. 

Excepting the last two sets of tables, those mentioned deal mainly 
with raw food as purchased, but those compiled by McCance and 
Widdowson contain also very many analyses of cooked foods, including 
made dishes. Moreover they give us a fairly e.xhaustive analysis of the 
“mineral'’ elements contained in the foods and do not lump them all 
together as “ash." A further advantage is that they give the available 
and unavailable carbohydrate in fruits and vegetables, instead of 
combining them, so that we know the amount of “roughage” these 
foods contain and also have a more accurate estimate of the Calories 
obtainable from the carboliydrate and the total Ca^ Ties yielded by the 
food under consideration. Such tables are naturidiy to be preferred and 
probably will oust all others. 


Given good analyses tabl.s. it mig’ ; see . au c-a.sv task to obtain uic 
calorie and other intake of an in<livi( in. i family, a boarding school or 
other institution r*r the nalitjii. and ..iiiifold attempts to secure such 
information have been and are being made, and the results accepted 
without reasonable criticism. It should be said at the outset that such 
results appn.ximato only roughly to the truth, the approximation 
being closest when applied to the infli\ idual and least accurate when 
ap})licd to a group of people of mixed ages and sexes. 

(1) No limcl table can .'vcr Rive the exact contpnsitioii of the food 
actually eaten because the analyst cannot coUect samnles from every 
part nf he country and attalyse them. At best he takes '■34 samples 
rom different shops. He cannot, for example, analyse the’^egg eaten. 

L<Kit oatem <1><- individual 


(I.) hood labks compiled i„ this countrv do not apply to foods 
consumed tn an.m her. Wl.en A.nerican fables are com,«red wifh 
bntisli If IS .seen that there are wide differences. The herjing caugltt 
around the coasts 01 Great Britain I, as zi times more oil than the 
American. On the wliole Ifnt.sh foods are moister than Araerican nath 

madr^ ““"‘ry should have its own analyses 


redpi tsed tt ‘hat th, 

rrc pc used is hat of die samples analysed in- the analyst nor the timi 

and nature of the cooking is the same. We idi know how milk pudding; 
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can vary in consistency. The utmost which can be done to estimate the 
food value of a particular made dish (apart from sampling it then and 
there and analysing it) is to obtain the recipe from the cook, if she 
knows it, and assume that in cooking it loses the same amount of water 
as a similar dish analysed in the tables. (Personal communication from 
Miss M. W. Grant.) 

Such are the difficulties which meet the scientific person at the outset. 
More will appear as the investigation proceeds. 

There are three main methods of carrying out an estimate of food 
intake: the individual method, the housekeeping or store cupboard 
method and the budgetary method. Of these the individual method is 
to be preferred. 

The individual method consists in weighing at table the food actually 
consumed at each meal every day for a week. It has been shown that 
the day is not a long enough period, but that a seven-day period gives 
a fairly accurate picture of the day’s average intake. The weighing is 
best done by a laboratory trained worker. Scales accurate to (say) 2 g. 
are advisable. Care must be taken to weigh back the waste, the inedible 
and the uneaten parts of the food, the unwanted and the inevitable 
losses due to the sticking of sauces, gravy, etc., to the plates, knives 
and forks. Where milk, sugar, butter and jam or marmalade are con- 
cerned it is worth while to keep a bottle of milk, a bowl of sugar, a pat 
of butter and a jar of preserve for the subject of the experiment and 
measure or weigh them at the beginning of a meal, or day, and the end. 

If the weighings arc carried out by a trained worker we may assume 
that the actual food taken in is correctly estimated, but not the actual 
food needs. Some people eat more and others less under observation. 
Children may show off by eating more than usual. The actual weighings 
make the meals abnormal. The observer may even unconsciously deter 
the subject from eating foods difficult to analyse. If, however, the 
experiment is carried out for a week with perhaps a day or two's trial 
runs immediately beforehand, the results can be taken as representing 
the food taken during the period of the experiment. 

Nor should the results be much less reliable if an educated but 
untrained person conduct the observation. This is the method used in 
this country by McCance and Widdowson in their investigations of 
individual intakes, and the instructions they give to their investigators 
are here appended.’. * 


INSTRUCTL 

I. Weigh each kind of jgiid^parately, just as it is serveiLto you. If raw, 
say so. If you arc eating any s uch as fish or*clio^ tTrat contain 

’ WiDDOwsoN, McCance, and Widdowson. {1936), J. Hygiene, 36, 269, 293. 

2 McCance. Widdowson, and Verdon-Koe. {1938). ibid. 38, 596. 
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bones or fruit with skin or stones, please say whether your weight included 
the waste. 

e.g. Kipper, weighed with bones. 

Orange, weighed without skin. 


There is no need to weigh the waste, but please weigh any food you leave 
and deduct it from the food you first weighed out. 

2. If you weigh anything on a plate do not forget to subtract the weight 
of the plate before entering the result on the form. 

\ uu need not bother to weigh eggs. Just count them and put the 
munber. Sugar maybe weighed, or measured in lumps or by the teaspoonful 
(say whether level or heaped). 

4. Please say whether your bread is white or browm. 

5. Do not forget to put down all sweets and chocolates under “Extras." 

o. Please say whether your fruit was fresh, stewed, or tinned in syrup. 

I'or stewed and tinned fruit weigh the fruit and juice together. 

7. Do not include gravy in the weight of the meat; measure the gravy 
separately in tablespoons. Please say what kind of meat or fish you eat. 

H. It is a good ])lan to weigh out for vourself at the beginning of the 
week i or ^ lb. of butter and always use from this piece. \ ou need not 
then weigh the butter as yon eat it, but simply put lb. of butter started" 
and “J lb. of butter lini.shcd.’’ wlicn it is so. If any of the butter weighed 
out to you remains at the end of the week, say what it weighs. 

o. \Vc are very anxious to know how much milk you drink per day and 
how you drink it, so j'leave wtieh the milk if possible or measure it in 
tablespoons. Say iunv miKli milk you drink alone, and how much you put 
in a cup of tea. cocoa, etc. 1 'i> n«-t fc)rget to put down how many lumps or 
teaspoonfuls of sugar von tiike in your drinks. 


I ms I.NDICATILS now ro EXTliK THE Klshlts .\nd is not meant 

TO UE A Plan of an Ideal Diet 


IViiHl 


Weighed 

.-Vmi'unt (Kaw or 

Cooked). 


liUi.AKiAsr: 

Cuinlkikes 

Sugar 

I boik-d i gg • • . . . 

Pread (white, 

Uutt« r slarleti . . . . . 

Milk <.>n coridlakt.'' .uul in e mps 01 ic.i 
(no sugar taken in i< a,' 


4 i>Z. 

2 level 
teaspoons 

2 oz. 

4 oz. 

5 oz. 


'I'oasted 


Irisli Stew; 

.Mutton weighed with bone 
Carrots .... 
Potatoes (boiled) 

I •ia\ y .... 
Stewed ]'liiins weighed with 
Poili d custard (made with c e« 


~ oz. Cooked 

1 .1 oz. 

.^4 02. 

t.ibkspoons 
3 oz. 

- oz. 
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Tea: 

Bread (white) . . • • 

Butter from ^ lb. 

Jam 

Plain cake . • • • 

2 chocolate biscuits (cigarette size) 

Milk in 2 cups of tea . 

Supper: 

1 cup of cocoa: 

Cocoa . • • • • 

Milk 

Sugar 

2 plain biscuits (digestive) . 

I apple (weighed with skin and core) 

Extras; 

Milk at school • • ■ • 

Boiled sweets . • • • 


3i oz- 

1 oz. 

2 02 . 

J OZ. 

2 tablespoons 


i oz. 

4 tablespoons 
I teaspoon 
(level) 

I oz. 

3 oz. 

i pint 

1 OZ. 


Raw 


When working-class diets are being collected the task is more 
ditolt and the accuracy of the results more 

co-operation must be obtained through welfare clinics, health wsitom 
or Siil officers of health. A visit is paid preliminarily to he in- 
Lugato Td the diet sheets and what is to be attempted explained. 

A further visit each day during f 

records must be estimated by the visimr and the 

or accepted on that estimate. While the accuracy can never be that of a 
Sworker it is considered that data so 

of picture, both qualitative and quantitative, of the diet habits of the 

’’" 0 “ Todm^tr^te individual method used by officials of the 
Ministry of Food during the war of 1939-45. to investigate th 
habitsTf munition workers, must be mentioned. They enquired from 
Lh worker who was willing to co-operate what 

eaten at the various meals of the preceding day If for example he 
said that at the morning break he had eaten a hunk of bread and a 
lump of cheese they got him to specify the size of ^y cho^f 
pardcular sized piece of bread and of cheese to imitate what he had 
wnsumed. Such a method is very rough, but it is contended that it 
gives data of value— certainly of the type which a statistician can 
analyse Experiments made upon University students suggest that 
estimates correlate weU with actually measured intakes. 

It should be clear that the individual method of estimating the 
Calorie and other intake of the subject of the experiment gives a 
moderately accurate picture of what a person consumes and. if the 
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experiment continues long enough, of his actual needs. Naturally the 
most accurate estimates are those made under an approximation to 
laboratory conditions by trained workers. It is probable that we may 
have to revise many of the estimates of the daily needs of people for 
Calories, proteins, mineral elements and vitamins when sufficient data 
have been collected, for it is an unfortunate fact that by no means 
sufficient individual data, despite all the efforts made from the time of 
\’oit and Lyon Playfair down to to-day, have been collected and 
analysed. We need individual data by the hundred, if not the thousand, 
made in each country and walk of life, by workers using identical 
methods of collection. 


Before proceeding to discuss the group methods of collection of data 
it would be well to consider the tables and what information they can 
yield. It might be thouglit that once the data are collected all the 
investigator has to do is to turn to the tables and by some tedious 
arithmetic^ calculate the approximate values of the foods eaten. This 
is not so. In the first place the introduction to the sets of data made by 
the compilers should be read and thoroughly understood. Too often 
they are skipped, or if read, forgotten, with the result that tables are 
used to support contentions they could never support. 

In some of the analyses we meet the terms “as purchased" and 
"vdible portion." The terms are almost self-explanatory, but confusion 
often arises in the minds of students and U.y folk and even in the minds 
of well-recognized exponents of dietetics. 


I’oods “as purchased” often have portions which have to be removed 
or are discarded before Lite food is eaten. Good examples are the skin 
and bones of fish, the bones and gristle of meat, the sliells of eggs and 
nuts, and the peel and core or stones of fruit. The “edible portion" will 
then be a fractit»n only of the food as purchased. The fraction will be 
high in some foods and lower in others. In bread, biscuits, butter, and 
cakes it will be loo per cent. “Edible portion” will equal “as pur- 
chased." In clieese, with its rind, it will be a little less. With many 
meats it is about 83 per cent.; with ftsh. particularly small and flat fish, 
much less— e.g. 40 per cent. With fruits we may have 100 per cent, 
(blackberries) down to 40 (melons); and in walnuts it sinks to the low 
figure of 26. 


One pound of food as purchased will therefore have a lower Calorie 
\alue than one pound of the edible portion of the same food. In one 


‘We certainly recommend the abandonment of arithmetic for the slide rule 
v.th Its automiitic approximatu.ns. l-ood value, cannot possibly be accurate to 

sigml.cant l,«urc Still more tunc-saving than the slide rule 

Lm to tuch market. Anyone can 

lUadirta^ accuracy m a few days. Their only 

amirac to encourage the user to .tate results with a supposed 

uLciirac) to the ciylith bii'iuiicant liguro! ^ ^ 
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pound of food as purchased there will probably be less than a pound of 
edible material and the Calorie value of this will be lower than the 
• corresponding Calorie value of a pound of edible portion, men esti- 
mating the Calorie value of a diet this distinction has to be borne in 
mind. If it be an individual diet which is being mvestigated the weigh- 
ing of foods will be carried out at table and it will be the edible portions 
either cooked or ready to serve which will be weighed, except perhaps 
when flat fish and herrings or fruits are taken. Even then the w^te can 
be weighed and the edible portion estimated. When the diet is that of a 
family or institution it will probably be the weights of foods as pur- 
chase which wiU be estimated. The item which mil have greatest 
influence on the total will be the meat, for the other items which supply 
the bulk of the Calories— bread, butter, milk, and sugar— should have 


no waste. . j t* 

Unfortunately the edible portion is not whoUy consumed. It is 

inevitable that some should stick to the plate and to knives and for 

The fat of meat is often discarded; unpleasant-looking portions a 

dissected away (e.g. veins); burnt and underdone portions put “ide 

This table wastage is an individual affair. It is lowest among tli 

poorest and during times of scarcity.' It depends upon training arid 

is greater in one country than another. Institutional feeding apparently 

lea^s to great wastage, though training may keep the “ 

low as I per cent.* It may rise much higher* and in institutions known 

to us it has risen over lo per cent. In estimating an md.v^ual s eh 
when the food is weighed at table it is quite possible to aUow for tabic 
wastage, but in calculating the value of the diet of a family or institu- 
tion ftis is by no means easy. There are losses due to carelessness in 
preparing the food. One person will pare away ^uch rnore of a pota o 
than another. One cook will utUize mucli less of the fat that c“ks out 
of a joint than another. Sauces, even pouring sauces, rf not wholly 
leave the saucepan for the sauce-boat or the sauce-boat for the plate 
Consequently we can give only an approximate figure for the food 
consumed by a group of people-an outside figure. It is usually thought 
that the actual amount consumed is as much as lo per cent, below this 
outside figure, and that allowance is commonly made. It ought, in a 
well-regulated family or institution, to be considerably less. 

Edible portion minus kitchen and table wastage we may term 
“input."* This “input” food is never wholly digested and absorbed by 

1 Catmcart and MuRRAy. (193O. Council Spec. Pep.. No. isi- I” 

the army it was 2*76 per cent. Arneil, G. C., and Bauuam, L). K. (X949). 

J. Nut., 2, 310. 

* Friend. (i 935)» Schoolboy, Heller & Sods Ltd. 

3 GEPJiART. (1917), Boston Medical atul Surgical Journal, 176, 17. 

Wc have borrowed this term from wireless telegraphy as a convenient if 


ugly word. 
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the alimentary tract. There are indigestible fibres in plant and animal 
foods which are not only unabsorbable by the alimentary mucous 
membrane but also prevent the absorption of othenvise absorbable 
products of digestion. By hurrying food along the small intestine they 
may impede complete absorption. Sometimes as much as 20 per cent, 
of a food material is lost to the body owing to incomplete absorption.^ 
Moreover the alimentary tract and its secretory glands may have to 
pour out more digestive juices and lubricating material on some foods 
than others. The net gain to the body (which alone concerns us) will be 
greater when there is less outpouring of digestive juices. 

Estimates have been given of the loss of Calories through non- 
absorption of various foods and in mixed diets. The following figures 
are given : 


Rice . 

Milk. 

Bread 

Meat 

Potatoes 

Carrots 


Per cent. 
. 2'6 
. 4*4 

• 4-5 

• 5*5 
. 6-8 
. 20*2 

(Ruuner) 


For the mixed diets wc can caUulat^ that 4 per cent., 7 per cent., 
and II per cent., respectively, of the "input" Calories are lost through 
defective absorption in the following diets; (i) Diet containing much 
animal food, (ii) diet containing a moderate amount of animal material, 
(iii) diet containing little animal materials 
‘‘Input" Calories mimis loss through defective absorption we may 
term "Intake" Calories. By tl)e princij)le of the conservation of energy 
' intake" Calories must, evcntnally, and when the body is in equilib- 
rium, equal "output" Calories, i.e. the Calories as measured by the 
calorimeter. 


W’e have therefore a means of estimating roughly the Calorie output, 
or the Calorie needs of a person or group of persons, by collecting data 
of their food consumption and calculating the Calorie value of the foods 
eaten from analysis tables. The metliod involves but a little aritlunetic 
and intelligence and is far easier than the more scientific and direct 
methods of estimation by human Calorimetry or via gas analysis. Its 
results, however, must not be unreservedly accepted. 

Wc may sum up the relations of the figures as given in the analysis 
tables to the actual output of energy by the subject of experiment, thus; 


• See below, p. 145. under "An ailability.” 

2 Wait. U.S. Dept, of Asriculhtre. Bull. 53. 
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As purchased (usually abbreviated to A.P.) 
minus waste (bones, peel, core, etc.) =Edible Portion. 

Edible portion (usually abbreviated to E.P.) 

minus table waste = Input. 

Input minus unabsorbed or secreted material = Intake. 

Intake must equal Output, when the body is in equilibrium. 

The relation of these values to one another is a variable one. We have 
seen that the relation E.P. to A.P. may be i : i (bread, milk, butter), or 
it may be as low as i : 3 (nuts). We cannot give any average figures and 
it is absurd to pretend to do so. The tables give the relation when 
wanted. In calculating the Calorie value of a diet we have merely to be 
careful to see which set of figures is appropriate. 

How much is wasted at table is a variable quantity depending 
largely upon training, and the loss due to incomplete absorption plus 
secretion of digestive juices varies from 4 to 10 per cent, or more, 
depending upon the nature of the diet. It is a convention to assume that 

the other two together approximate to 10 per cent. 

If this be true, the Caloric value of the edible portion of food minus 
10 per cent, will equal the Calorie value of the intake, and this in turn 
the output of Calories by the body. Ordinarily we do not concern our- 
selves so much with the output of Calories by the body but by the more 
easily estimated Calorie value of the food bought. We speak of the 
Calorie value of a diet, meaning by that the Calorie value of the food 
eaten without making any allowance for unavoidable waste on plate or 
in the alimentary tract. This is in fact the Calorie value of the edible 

portion. , , 

Group Dietaries. Often we wish to know the average value of the diets 
of a group of people, whether of the family, institution or a nation. 
This presents no real difficulty except in interpreting the results. 

The Housekeeping Method. If the family is the unit.i the food in the 
house at the beginning of the period of investigation (usuaUy a week at 
least) is estimated and allowance is made for that at the end of the 
period. All food bought during the time is weighed and so is the waste. 
The food consumed equals that of each commodity at the beginning 
plus that bought during the period minus that at the end and minus 
the waste. Usually in such an investigation the wastage of each food 
(crusts of bread, etc.) can be ascertained and we can obtain a fair 
measure of the Calorie, protein, fat, carbohydrate, mineral elements, 
and vitamin content of the whole diet and therefore the input of the 
family. 

Much the same methods will be used in an institution, e.g. a boys' 
school. The accounting department of the institution can supply tlie 

* Catkcart and Murray. (1931), Med. Res. Council Spec. Rep. Series. No 151 
and (1932). ibid., No. 165. 
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data for the food entering the institution in a definite period, and, 
assuming no leakage, this gives over a period such as a month or a term 
the gross consumption of food. From this must be subtracted the 
wastage which may be itemized if the accounting department is 
efficient. It may be waste bread; waste fat (either sold to soap mer- 
chants or converted on the premises into soap); or garbage which goes 
to the pigsties. If the amounts of the two former are known, their 
dietary value can be directly assessed, but if all waste goes into the 
garbage can, an analysis of mixed samples is essential for accurate 
evaluation of tlie loss. Usually all the wastage goes to the pigs and it is 
difficult to make an allowance for it except in \’ague approximations. 
W’liere tlie waste is small this docs not much matter. For example, 
fairly careful estimates of the nature of the waste at Christ’s Hospital* 
suggest tlial it accounts for, on the aver.ige, but 0-7 per cent, of the 
total gross Calorie value of the food. In other institutions the tabic 
wastage may be much greater, c.g. bl. Paul’s School. Concord. U.S.A.,2 
where it was in llic tapper School 22 per cent, in the protein, 23 in the 
fat and 7 in the carboliydrates. In public schools in this country' the 
weight of the table wastage is often some 10 j^cr cent, of the food served, 
tliough in a vegetarian liouse of a scliool investigated by one of us, 
where tiiere was very little cooked food served, the waste was practic- 
ally negligible. (Clearly much can be done to cut down the wastage and 
caterers should consider a high wastage a sign of bad catering and bad 
training of the r* eipicuts of the food.^ 

1 In' net Cahirii.', aftnr • '•tiar- of the Calorie value of the waste, 
di\ idrd by the number of pK.p'le h'd and the number of days in the 
juriod of estim.itioii. ihc avorage Calorie intake per person 

per dav. 

Ihis iiKthod gives a satisfactt»ry and understandable result if all 
the jx'oplo umkr c<.>nsitleiation iire oj the same and sc.v. dhis is 
rarely the case except in some institutions such as the army and some 
public schools wliere all can be counted as adults. Usually women and 
chiklreii are incliuh-d. For example, in a preparatory school there may 
be fhildren from about (> ^-cars of age to 14. maids, matrons, and 
masters all fed from the same stores and kitchen. In a public school 
there will aliiKtst ins ariably be kitchen staff, infirmary staff, and house- 

heeiMiig :^taff to complicate the Calorie issue. In a cu-educatit)nal school 
the complication is still greater. 

There has been a conventional method of obviating the difticullies 
involved by these complications. It is known that on the average a man 
eats more than a woman, and both more than a child, say, of five. It is 

' T'.35), The Schoolboy . llctfer & Sons Ltd. 

"GLr-n.KRr. (19,;,. Boston M.dtcM and Surgical Journal. 176, 17 . 
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also known that their Calorie output varies in a similar way. So dieti- 
tians in the past have composed scales of values purporting to represent 
the Calorie needs of children at each age and of women expressed as 
fractions of the need of an adult male. The needs of the adult male in 
sedentary occupation are taken as unity. He has a “man value” of 
1*00, while the adult female is given another value (e.g. 0-83 or 0*7 
according to whose scale you adopt) which is her "man value,” “index” 
or “co-efficient.” Children are given coefficients according to their age, 
e.g. at 3 years of age the coefficient given may be o *5 — the “man value’ ’ 
of this child is half that of his father, and so on. Of such scales there 
were in 1936 no less than thirty-eight^ and they have received additions 
and complications since. 

Such scales have been used in this way: Suppose we wish to assess 
the Calorie needs of a family consisting of a father (say a lawyer), his 
wife, son of 14, daughter of 10, and two domestics, and we adopt the 
Cathcart and Murray scale. 


Father = i *00 

Wife =0-83 

Son of 14 =1-00 

Daughter of 10 =o-8o 
2 maids = i *66 


Total 5*29 


One “man”=3000 Calories. Therefore the total Calorie needs is 5*29X 
3000=15,870 or (say) 16,000 per day. 

A boarding school or other institution can be reckoned in the same 
way. 

200 boys all 14 or over^ cs200 x i*oo * men =200*00 


10 male teaching staff ^ 10 x i*oo — io*oo 

5 female ,. .. = 5x0 83 = 415 

5 male non-teaching staff — 5x1*00 = 5*00 

10 female ., „ = 10x0*83 = 8*30 


Total 227*45 


Daily Calorie needs=227*45 x 3000=682,350 or say 700,000 Calorics. 

This method of calculation seems to us to have no advantage what- 
ever over saying that a man's needs arc 3000 per day, a boy of 14’s 
3000, an adult woman's 2500, a girl of lo's 2400 and adding these 
figures. But perhaps the method is held to be of value when different 
occuj>ations are to be taken into account. 

It is known that on the average the needs of an agricultural labourer 

• WinnoWBON, E. M. (1936), yoHrn. Hygiene. 36, 269. 

^ All later scales quite rightly give a much higher assessment for adolescent boys. 
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are more than those of a professional man. The agricultural labourer’s 
“man value” is often taken at 1-3. Suppose that among the male non- 
teaching staff of the school considered there is a gardener. Then we 
should have to separate out tliis staff into 4x1*00 and 1x1*30 and 
make their "man value" 5*3 instead of 5*00. We cannot see any 
particular gain in this method of computation. 

In former editions of this book we have given a few of the more 
popular of the tables used, and anyone interested in them may find 
them there. We have come to the conclusion that the index should be 
discarded because (i) it tells us nothing new, (ii) it hardly shortens any 
calculation, (iii) it applies only to Calories, but there is a danger that it 
may be applied to first-class protein, calcium, ' iron and \dtamin intakes 
and even the cost of living. It is a waste of time and energy to have an 
index, or man value, for each of the essential principles of diet, (iv) it is 
based on an assumption or set of assumptions which bear little relation 
to fact — of which see later, and (v) it makes dietetics appear more 
“scientific" than it is. 

Scales of Calorie values based on “man values" are suspicious 
commodities. This is unfortunate, for that suspicion corrodes the value 
of all the work done on group diets from the First World War until the 
|)ublication of Lord Boyd Orr’s book. Food, Health and Income, 1937. 
\\q have to take them “for what they are worth,” and their worth 
depends upon values largel- vubjective. It is a fact that the family or 
group diet shoukl Ik* in\esiigated via the individual diets of each 
member of the group. This will receive further continuation when we 
study factors of diet other than Calories. 

Despite these considerations, it is essential for practical purposes 
tliat some yardstick should be adopted. A standard may be wrong and 
unscientific, but it is better than none at all. All standards in dietetics 
are based to a groat extent upon guess-work influenced by personal 
I'redilections, and are therefore open to suspicion. But it must be 
remembered that the guess-work is that of intelligent scientific men 
trained in dietetics and therefore more likely to be near the truth than 
the guess-nork of the layman. The guesses we are choosing to hold up 
for inspection and use are those of the National Research Council of the 
Lnited States. After all, the science of dietetics has flourished much 
longer and more fully in the United States than in any other country, 
and that Council is more likely to be nearer the truth than one in any 
other country. Although we think it satisfactory this is a personal 
impressi<jn onl}'. 

Here it is for Calories; 


* r applying the index to calcium 
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Man {70 kilos or 11 stone) 

Sedentary . . 2500 

Moderately active . 3°°*^ 

Very active . 4000 

Woman (56 kilos or 8 stone ii lb.) 

Sedentery . . . 2100 

Moderately active . 2500 

Very active . . 3000 

The way to use this table is not to apply it in any hard and fast \va>-. 
It represents average values only. If a group of people on the average 
are taking Calories equal to the American recommendations, or even 
10 per cent. less, their diet may be considered satisfactory so far as 
the Calories are concerned. This is not true, as we shall see. for indivi- 
duals. One may be taking 30 per cent, below the recommended figure 
and yet be overfed, and another 50 per cent, more without taking too 
much. That, at least, is the deduction we make from individual Calorie 

intakes dealt with in more detail below. 

Group Dietaries Continued. The Budgetary Method is used more to 
ascertain whether the income of a family is sufficient to give it a 
satisfactory diet rather than to discover whether it actually does. The 
investigator has to estimate the family income and all the necessary 
outgoings for rent, insurance, clothing, light, fuel, burial clubs^ etc 
and see if the balance left after such necessary expenditure is sufficient 
to purchase an adequate diet. It is quite possible to assess the minimal 
cost of a satisfactory diet in any town given the niarket prices in that 
town at the time of the investigation. This was shown in the British 
Medical Association's report in 1933. confirmed in 1954.* Social 
science surveys use the British Medical Association figures and multiply 
them by some factor representing the rise jost of living since 

1933. This is wrongheaded, since the British Medical Association 
fibres are almost pre-vitamin figures, and views concenung nutritional 
n^ds have altered in the course of more than twenty years. The figures 
should be calculated afresh for each investigation for the time and place 
of the investigation and by a dietitian resident in. or at least conversant 

with the social conditions of, that locality. 

Such investigations are useful in assessing the needs of people receiv- 
ing public assistance. For example, supposing the bread-winner of a 
family is incapacitated by tuberculosis and removed to a sanatorium, 
what public assistance should be given to the family while he is re- 
covering? It is clearly absurd to give so little that after the necessary 
overhead charges arc met there is not enough left for adequate food. 
That would push the other members of the family down the slope 
towards tuberculosis. It is absurd, too, to fix the rents in a new housing 

1 Mbiklejohn, a. P. (1954). Lancet, i, 1284. 


Children, 1-3 

1200 


4-6 

1600 


7-9 

2000 


10-12 

2500 

Girls, 

13-15 • 

2800 


16-20 . 

2400 

Boys. 

13-15 . 

3200 


16-18 . 

3800 
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^anvi so high that families living in them have too little to spend on 
food. Morbidity rates on a new estate have been shown to be higher 
than in the slum property from which the families have moved and the 
probability is that the increased rent reduced the available balance for 
food. Local authorities need the help and advice of the dietitian in many 
of their undertaliings. 

The budgetary' method has also produced much evidence in favour of 
family allowances. To-day it is a commonplace that the main causes of 
malnutrition throughout the world are backward agriculture, often 
aggravated by malaria, hookwonn, etc., and human fecundity.^ 
W’here, in this country, the family is large it may actually be the case 
tliat the money available for food, after rent, light and fuel and clothing 
and insurance are accounted for, is not snfhcient to buy an adequate 
amount of Calories. 


Which method of investigation of a diet should be adopted must 
depend upon circumstance. The individual method is the most accurate, 
but it has its drawbacks when the diet of an institution is investigated 
o\-er a j)rriod of time. The subjects of the investigation may leave the 
institution, and a false picture of the cliange introduced by a change of 
inanagemmt be given, e\’en if tlie greatest care to choose comparable 
individuals bo taken. I'lu- housekeeping method will be naturally 
preft Tied in di aling with an institution or a family if the bookkeeping 
in that groap is accurate and relial)le. i tie budgetar\' method will be 
us('d b\ .schools (jf social science where rapidity and rough results are 
all thai are necessaiy. Ihc investigator, as the pupils of one of us have 
found, must adapt methods to the investigation in hand. 

ilasal Metabolism, ^\e have so far been discussing the heat given 
out b\' llic body in ordinary conditions of life, and have given more 
tlian a hint, which J be justified later, tliat there is as j^et no fixed 
ijuantiim of heat .itput, wliich wc can say is "correct" for any in- 
ilividual. ^V'■. ha\(; indicated that in the normal person who is neither 
gainii ■ -e.' ht nor losing it— who in other words is in equilibrium— the 

oni Mt dalories exactly equals the intake of potential Calories in the 

f -oa es.snnilated. And we have given an account of means by which 
output of Calories can be measured and the putative intake of 
Ca' lies can be measured from the input. 

\\'e naturally ask. is there anything fixed and constant in the energy 
nntpui of an individual, from which we can build up a quantitative 
science lA dietcdics? The answer is that Basal Metabolism provides the 
indication that there is. 

What happens to the body when there is (i) an insufficient input 
and (n) no input at all (i.e. starvation)? In both cases the body is forced 

ESSEX'S S?" 
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to consume its own muscles or its fat aiul carbohydrate ilepots to intTt 
the inevitable demands for energy. Wdienever the body receives less 
Calories than it gives out there is a loss of weight and wc utilize tliis 
fact when we are wanting to get rid of an excess of body weight. ( Tlie 
matter will be discussed in a later chapter under the treatment of 
obesity.) What concerns us now is basal metabolism, i.e. the inevitable 
loss of heat from the living body when at rest, and its relation to total 
metabolism. Do these give any theoretical figure for the output t>f 
Calories per day? 

The animal body, unlike the non-living machine, needs fuel for its 
maintenance and repair, even when at rest. The body never is at rest 
completely, even when in a state of extreme (juiescence. The heai t 
pumps blood against pressure through arteries and capillaries. 1 he chest 
muscles do mechanical work in respiration. Probably even the musilo 
tone of the striped muscles consumes energy which needs replacing, 
Energy is needed for the secretion of fluids by the body. e.g. saliva, 
sweat, and urine, and also for some of the chemical transformations 
which occur in the body. There is therefore a loss of energy from the 
body at rest and this loss is expressed as a loss of heat. 

This inevitable production of heat when at rest is the base-liiu', the 
jumping-off ground, of metabolism. It is presumably its irreducible 
minimum. A whole literature has grown up round the studj^of tliis 
irreducible minimum which is termed “basal metabolism.'’ por the 
human being the basal metabolism is taken to be the output ifieasured 
in Calories of the body in a state of complete rest some twelve hours 
after the last meal. The time most convenient for the estimation is in 
the morning after the niglit's sleep. The subject of the experiment Is 
placed in a Calorimeter and his heat output measured over a period of 
one to two hours. The daily basal metabolism is ailciilatcd from the 
result obtained. Experiments upon animals (swine) suggest that tlie 
body does not reach its basal output quite so soon as twelve hours after 
the last meal, but the results arc sufficiently near the basal valui; to be 
of great practical use. For details of the methods of estimation of the 
basal meta^ism, readers are referred to the original treatises on the 
subjectA>V(^at we have to consider now is the influence upon basal 
met^^b^m of such factors as height, weight, and skin area, of age and 
and of the endocrine organs. 

Influence of Height, Weight and Skin Area upon Basal Metabolism. 
It was natural to assume that the loss of heat from the body would vary 
directly as the area of the skin, for the skin regulates heat loss. The 
greater the area of skin the greater the loss in relation to the bulk of 
the body. A tall thin person has a greater area of skin in relation to his 

^ Du Hois, E. F. (1936), Basal Meiaboltsm in Health and Disease, iiailH6rc\ 
Tiadall & Cox. Sec also Adams and Poultoh. (1932), Jour. Physiol.. 77. Proc. 1. 
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"bulk than a short stout man. A sphere has the smallest area of any 
solid in relation to its volume and the more nearly spherical a person 
is the less area he has to dispose of his surplus heat. And. in fact, when 
it came to be measured carefuUj^ the basal metabolism did vary as the 
skin area and not as the body weight. Owing to the work of such 
physiologists as Rubner, Graham Lusk and Du Bois it is accepted that 
the correlation is verj' close indeed. It is not only true of man but of 
animals so different as mice, dogs and horses. The output of heat in all 
cases is approximately looo Calories per square metre skin area per day, 
so long as the subjects arc in the “post absorptive state and at rest. 

Basal metabolism, then, varies directly wth skin area and it would 
seem that here we have something fundamental in nutrition, though it 
ma)’ be difficult to explain how the relation comes about. It has nothing 
to do with Newton's law of cooling which states that the loss of heat 
from a body in a cool en\-ironment varies with the area of the body 
and the difference between its temjxTature and that of its surroundings, 
for basal metabolism falls but very little in the tropics where the air 
temperature may even be above that of the body. Basal metabolism of 
a person is much the same at the Equator as in Europe or North 
•America. 


Despite the vast amount of experimental evidence that the close 
relation of basal metabolism to skin area holds good, physiologists 
have always betui a little uncomfortable in accepting it. Some have 
eveit preferred to calculate it cotnpared with body weight, though in 
that case the relation is ob\ iously not a ilirect one. Clearly the metabol- 
ism of adipose tissue and of bone cannot be anywhere near so great as 
that of muscles or glands. (The lemj)crature of the liver, where so much 
chemical activity is invariablv going on, is one degree higher than that 
of the brain or even of the rest of tlie abdominal cavity.) Therefore we 
sliould expect that a man with heavy bones and much adipose tissue 
w mid produce heat at a ^low^r rate than a slender man with light bones 
and lilUi- fat even if the skin area be the same. Until recently there have 
bei-n no means of measuring the proportion of bone and adipose tissue 
in If lation to the acti\e tissues of the body, but t<i-day we are in a 
position to rnako these determinations. The fat is measured by the 
specific gra\ity of the body and the lean body mass by estimating the 
total aii'l extr.ici llular fluid of the body. In the e.xperiments so far 
made it has been found that basal metabulism is correlated more closely 
with the lean body mass than with the <uea of the skin. On this point 
the newer work on the subject slnmld be consulted.* 


c 
.\ 


I Slu HrtofKK ami Kevs. .\. (m/io), .VaC .Ihu. aud Rev.. 20. 247. G.\M, S. N„ 
L.\Kk. L. C .. and UoKi kay. Kknke. iuS3). j . i'hys:ol., b, 103. and ^lILLl^R. 
Hiviit. {, S. (105,0. il'fl. 5. ill, .\lso see Hiatmic, J. and Hekuert, 


rniLiiTA. H. (1047). Hr J. Suit.. 1, l.^5, l)AiiLsn<dM, H. (loV,). .i^lu Physiol, 
bawd.. 21, supp 71 and bhU.NKE. (1^53). J,„,. AVu’ York .iatd.'Sc.. 55, art 6. 
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None the less basal metabolism shows svifficient correlation within 
area to be of practical clinical value, and this correlation is used regu- 
larly in hospital work in diagnosis of hypo- and hyperth5n'oidism, etc. 
It is much easier to estimate the skin area than the lean body mass, for 
it bears a relation to the body weight and height which are easily 
measured The relation has been reduced to a set of figures and to a 
nomogram from which, knowing the height, weight, age and sex of a 
person we can read off the skin area and the nornial basal metabolism. 
(See Fig. 2.) The reliability of such estimates is in the region of 5 to 10 
per cent., and the Calorie values per square metre of skin in basal 
metaboUsm are fairly constant, not only from individual to individual. 

but from race to race and species to species. 

The figure for an adult male is approximately 40 Calories per square 
metre per hour or 960 per day. Taking the skin area of an average adult 
male as i'75 square metres, this represents a basal mebabolism of 
, 40 X 1 75 X 24= 1680 Calories per day. 

/influence of Sex and Age upon Basal Metabolism. As indicated im- 
mediately above sex and age influence basal metabolism. It is lower m 
the adult female, viz. 37 Calories per square metre per hour or 1350 
Calorics for a woman of 1 -5 square metres of skin area, though some 
workers believe that it makes no difference whether the lean body 

belongs to a man or a woman. ^ 

Once an individual has reached adult age the figure remains very 
nearly constant. It does, however, fall graduaUy, till in old age it has 
decreased by lo per cent. This is true of both women and men. 

On the other hand, the basal metabolism of infants, children and 
adolescents shows a very different picture. It starts at about 30 and 
rapidly rises till at 6 years it reaches a peak of 60 Calories per square 
metre-a rate 50 per cent, greater than that of the adult. Thence it fal s 
fairly rapidly at first and then more slowly till it reaches the adult 
figure of 40. According to Du Bois, there is a second peak at or about 
the age of puberty when the Calorie figure rises to 50. 

In general we see that the vigorously-growing tissues of the young 
have a much more active metaboUsm than the mature tissues of an 
adult even though the body is resting and fasting. This accords with 
the fact that the food requirements of the young have no direct relation 
to age or to weight. That there should be a rise in the basal metabolism 
in adolescence is not unexpected. It is a period of rapid growth in the 


» Is there any funJamenlal reason why female protoplasm with its XX 
chromosomes should liave a diilcrcnt efficiency from that of male protoplasm with 
XY chromosomes? From anatomical investigations and data of athletic prowess 
it seems that there is. It would be interesting to have calorimetric data ol 
androgynes, of bisexual pigs, of frocmartins and interscxual birds and invcstiga- 
lious of the oxygen intake ol slices of tissues under the influence of ecstrone an<l 
testosterone respectively. 
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first place and in the second there is the stimulating effect upon 
metabolism of endocrine organs, particularly thyroid and pituitary. 
So far as experiment has gone, this pubertal rise has not been observed 
in animals. A nomograph for finding the normal basal metabolism of a 
person of given sex, height, weight, and age is given in Fig. 2 . 
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FlC. 2. — BOOrUDV and SaNDIFORD's NOMOGRAni 

Ihc weight in pounds or kilogranimcs is shown on Scale I, The height in inches and cenUmelrcs is 
shown on Scale II. l^o sariaw area m square metres is shown on Scale III. The normal standard calorics 

'Th® t^tal calories per diem arc shown 

str.\Kht wige, or a strip of slifl p.ipcr such 
L.r the positjotj of the xvcight and hciplii on Sc.ilcs 1 and II rcs^lively. A^ly the 

^ r.Ujjht edge of the ruler and note where it cols Sc.de UI. Read the figure on Stale III which tSl^glve 
the surface area of the Uxly m square ineUes. (D) lx<ate the surface area on ^le III .^d^e motsI 

•'’« ?S« •■'tttl sex of the subiect on Scale IV. Apply the 
«loH^ lSl^24 ho.S^ “ basal 
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Other Factors influencing Basal Metabolism. That the rela^n 
between area and basal metabolism is not quite so constant as has 
been suggested above is shown by the fact that the previous history of 
the person or animal under experiment does have some influence upon 
the basal metabolism.' A period of under-nutrition lowers the basal 
metabolisms; a period, of heavy exercise raises it. A holiday in the 
country raised the basal metabolism of the experimental animals of 
the Russell Sage Institute, though it soon returned to the normal in 
the surroundings of New York. Doubtless this is true of man. Sleep, if 
deep, results in a lowering of the basal metabolism by some 5 or 6 
per cent. 

The influence of such a gland as the thyroid is great. Of all the 
endocrine organs it is the one which has greatest influence on meta- 
bolism. In cretinous and myxoedematous patients this falls 10, 20 and 
even 40 per cent, below the normal, and in hyperthyroidal persons it 
may rise to even 100 per cent, above the normal. So marked is the 
influence of the thyroid that the measurement of basal metabolism is 
used in diagnosing thyroid disease and the effect of treatment upon 
that gland. The pituitary anterior lobe and the suprarenal also have 
great influence upon the basal metabolic rate. 

To sum up this section upon basal metabolism, i.e. the metabolism 
of the body in a state of rest 12 or more hours after food intake, we 
may say that — 

(1) It is approximately constant for the individual. 

(2) It is constant per square metre body surface for men and animals. 
{3) The amount per square metre per hour is 40 for the adult male 

and 37 for the adult female. 

(4) The amount falls somewhat with advancing age. 

(5) In children it rises to 60 at the age of six with a second j)eak of 
50 in adolescence. 3 

(6) Previous history has some influence upon it. 

(7) Pathological conditions of the body, particularly thyroid, 
pituitary, suprarenal (cortex and medulla) disorders and fever, influence 
it very markedly. 

Basal Metabolism and Total Metabolism 

lliat total metabolism, i.e. the total energy output of the day oji 
full diet, bears some relation to basal metabolism, hardly needs stating. 
Total metabolism includes the work done in carrying one’s body 

* c.g, Alter a period ol undernutrition it is raised even when the body vveigtit 
luxa returned to normal. Kuvs, A. {1948), J. Am. nud. Ass.. 138, 500, 

* Sec WisHART. (1934), Journ. Physiol., 82. 189. 

* Nitbchke and Schneioer. (1932). Zeit. f. Kindethtil, 50, i. lind on giving a 
vitamin D concentrate the basal metab<jlism rises. 
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Distribution of Calorie Expenditure in 
Different Ages, (after Holt). 
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about and so varies with the weight of the body. Basal metabolism 
varies with the area of the body which has a mathematical relation to 
the height and weight. Consequently, total metabolism is influenced by 
basal metabolism. Clearly the physical work undertaken immensely 
influences the total metabolism. Heavy physical work entails an output 
of energy which must be made good, either by the consumption of food 
or of the tissues of the body. Therefore an increase of physical work 
entails an increased consumption of food. 

There arc thus three sources of the energy output per day, viz.: 

1. The basal metabolism. 

2. The energy output due to being up and about. 

3. The energy output due to mechanical work. 

Perhaps we ought to add to these for the sake of completeness: 

4. The loss of heat in the excreta. 

5. The endothenme loss in the growing young due to growth (Holt). 
The table above due to him gives a rough average set of figures useful 
as indications of what may be expected rather than actual fact. 

The basal needs we have already considered. 'I'he “up and about" 
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needs are about 33 per cent, higher than the basal metaboli^ni^ lie 
tliird theoretically depends only upon the mechanical work done, 
although in this we have to consider training and temperament of the 
person under consideration. If we consider the training perfect and 
ignore the temperament and loss in excreta, the sum-total, it is tempt- 
ing to argue, should work out somewhat as follows, assuming 8 hours 
“up and about, “ and 8 hours’ mechanical work: 


8 hours' sleep at a basal metabolism of 1680 Calories — 560 Calories. 

8 hours "up and about” at a rate of 33 per cent, higher = 747 

8 hours' work at 940 Calories plus metabolism at the 
"up and about figure” ” 

Total =2994 or 

about 3000 Calories per day. 


The third item needs some explanation. It has been estimated that 
a moderate amount of muscular work represents 100,000 kilogramme- 
metres (324 foot-tons) for one day.^ The heat equivalent of this is 235 
Calories. Now no machine using fuel can transform all the energy of 
oxidation of that fuel into work. In fact the efficiency of the most 
perfect machine working between ordinary temperatures cannot rise 
above about one-third, i.e. it transforms only one-third of the heat 
energy used into mechanical work and wastes the remaining tw^thirds. 
Most engines are very much more wasteful than this, e.g. the efficiency 
of the railway engine is about 10 per cent. only. If we make the assump- 
tion that the efficiency of the body is at the high level of one quarter, 
the performance of mechanical work in 8 hours equivalent to 235 
Calories entails an expenditure of 235x4=940 Calories. 2 lo th^ we 
must add the energy output of the basal metabolism and for 8 hours 
being “up and about''= 747 . Therefore, while doing mechanical work 
equivalent to 235 Calories the body must expend 

940-1-747=1687, 

which accounts for the third item in our sum. 

This figure of 3000 Calorics represents the theoretical daily output 
of a man doing eight hours' moderate physical work per day and 
corresponds with considerable nicety with the average intake as 
discovered in numerous investigations. If we add 10 per cent, to 


» A measurement of the work done by a long-distance cyclist during 8 
pedalling on an ergometer gave the result of 370,000 kilogramme-mctrcs. 
HART. (1934). Journ. rhysiol., 82, 189. 


hours* 

Wis- 


2 In experiments upon trained cyclists pedalling against known brake resist- 
ances inT .iiSrimeterBenedict an^d Cathcart showed 
of work needed 3-343 extra Calorics of energy— an efficiency of nearly 30 P'-r 

Ouoted in Med. lies. Council Spec. Rep. (1918). No. 13- 
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account for the loss in digestion and utilization of food, we see that the 
edible portion of the food should represent approximately 3300 Calories. 

It is indeed tempting to measure the Calorie output by means of 
gaseous exchange of people engaged in various avocations and activ- 
ities, to add up throughout the day the Caloric output dimug these 
activities, and then to state that the food requirements for such and 
such people should yield Calories to that total plus 10 per cent, to allow 
for inc\'itable losses. 

Thus, sitting at rest has been measured to need 30 extra Calories per 
hour; dressing and undressing, 50 Calories; running, 500; swimming, 
550: plac ing the piano, 55; or in the case of playing Liszt’s music, 140. 
Dancing the polka heads the list among the dances. Sewing and 
polling potatoes demand 40; writing, 10-30; carpentry, 137-176; 
sawing wood, 400; and coal-mining, 114 to 205, according to the nature 
of the work.i Using such figures we can estimate the theoretical output 
of anyone if we know his day’s activities and thence estimate the 
Calories he should take as food. .\iul doubtless such figures would show 


some sort I'f cf.*rrelation with reality if wc accept them (is d/i iivcrdge 
/igun' only. Ihus we might assess the coal miner’s work as needing 
3500 Calories per day and if we were feeding all the workers in a mine 
all the time we should be wise to see that the average Calorie value of 
the iliet fed leached a le\‘el of 3500 • lo per cent. 3S50 Calories per 
day. It Would be fuoli>h lo in^i^l tlial everj’one engaged in mining 
took his 3.'S5o Calories or that one wlio lok less was undereating and 
that ono whose intake was near tie- 5000 level was greedy. Figures will 
bi* given later to show how absurd such an attitude would be. 


Me.inwhile we must record tlie general opinion that the average 
Caloric intake fur ilie adult male .‘•hould be abinit 3000 and that of the 
adult feni.de, J300 (or it may be 2200), but this ligure is bv no means 
uniwr.sali iccipted. lliiTe are alwavs peojih’, e\‘en scientists, who 
think tha »t might be luwi-i. 1 he military mind seems to think that 
waib may be won by j'ulling ip uik' s bell despite evidence lo the 
coiUfaiy. It is almost certain that oui' factor in the winning of the war 
of ii,i4-!.s was the \h tier tceiling of the armies and the populace of the 
I nited Nations as against that of tlic central European countries. 
\\ Iiereas wc in (..nat Ihitain were obtaining more than 3000 (Tilories 
per head, per da\ , the oKi. ial pnul tlu ii-fore putati\'c) figure for Ger- 
inaiiy was itiou, and m auiial fact iiiucli less. In lojii, thirty-tliree 
jolentuil recruits to ilic ihitish army, turned down for jiliysical 
unfitness, wem- won l>ack to normality by a special Course of training 

‘ l iaurc. a.llcctcd l.y J K .Makka, K. V-'ac,/ Gollancz 

l.i.iutoa. io. SCO al-o I'A -M-ao K. i los p, i op a to.l A.oao- i -t 

uorl no* u m ' '' ,7'* ' 1’" "umitr. walkm;; t.. Uu- . .ul 
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plus a diet which supplied 4738 Calories per day. At the end of three 
months twenty-four were up to the physical requirements and six 
were on the border line.^ 

Moreover, experiments made by Benedict, which have been quoted 
to uphold the idea that 3000 Calories per day is luxurious do not seem 
to bear that interpretation. Two squads of students cut down their 
food intake to about 2000 Calorics per day for a period of fifteen weeks. 
The effect was to lower the body weight till a new equilibrium was 
reached and there was a fall in basal metabolism. This showed that it 
is possible to keep a constant, though relatively low bodywcight, on 
a lower Calorie intake. Further, some of the squad could maintain 
athletic ability of no mean order. But they were anjcmic, they felt the 
cold more than fellow students, demanded excessive bedclothes even 
though sleeping in a centrally heated bedroom, were disinclined to 
patronize the warmed indoor swimming bath, cut down involuntarily 
the amount they walked, and could not keep their minds off food. Ihis 
does not suggest that a Caloric intake of 2000 per day is satisfactory 
for American college students who to some extent could regulate their 
extra activities. Much less does it suggest that 2000 is enough for the 
average man who has to perform muscular work to schedule.* 

It is true that the League of Nations Technical Commission assessed 
the minimal figure for male and female at 2400 Calories, but the male’s 
need was subject to various additions to compensate for activity, 
raising it somewhat for light work and for moderate w’o^ to.b etwe en 
2800 and 3200. The Ministry of Food during the war of 1939*45 aimed 
at 3600 as a gross figure. 

It is clear that there is no absolute agrcementf Nor is this astoni s hing . 
We have not yet made up our minds at what we are aiming, nor do we 
know yet how what we may be aiming at is to be obtained. Do we wish 
merely to keep people alive, or to obtain the maximal physical efficiency 
from a given amount of Calories, regarding man as a machine, or to '* 
ensure the "buoyant health,” which seems to be the goal of Arnerican 
dietitians? Should we encourage the production of the small wiry 
person or the giant; is 5 ft. 7 in. our goal or 6 ft.? 

We are not saying this to decry any attempts at fixing the Caloric 
figure. We are sure that on the whole where people take 3000 Calorics 
or more per day the public health is sounder, the morale higher, the 
expectation of life longer. The diet of Southern India and Assam yields 
about 2000 Calories per day, though Northern India has a more 

* Quoted from Mamrack, Op. cil., 157. 

* For the results of a similar experiment made by Ancel Keys and his collt agucs 

ill 1943-44 intake of 1570 Calories per day see The Biology <>/ llmuan 

SlarveUion. Oxford Univ. Press 1950, and citation in Lancet (1951). r, 95 '’rief 
account of this work is given by Ancel Keys in J. Atner. Piet. Ass. ( 193 <>)' 5 ^*- 
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generous diet. The expectation of life of a new-born child in India is 
27 years while that in England is 6i.i One important factor in causing 
that difference is food. Accounts from enemy-occupied Europe told a 
similar story. France had been obtaining only looo Caloric per head 
per day and the health and morale were appalling. 2 In Belgium m 1942 
the basic ration was 1230 Calories and tuberculosis increased greatly. 
In Greece according to Cawadias3 they "ceased bothenng about 
tuberculosis.” other diseases being still more rampant. In Great Bntam 
it is notorious that health during 1939-45 "’as better than ever before— 
despite all drawbacks of black-out. ventilation, overwork and anxiety 
—and part of this must be due to the fact that we kept the Calones up 
above the 3000 level, though perhaps the main result is due to the better 
distribution of food, particularly the distribution of milk, among the 

people. 

Calories matter. Deprivation of Calories is starvation. Without 
water tlic body dies after a few days. Without Calories it may last some 
50 days or even more. Under-supply of Calories provokes a continuous 
hunger when the mind cannot "keep off the subject of food. In fact if 
instinct be a guide in the choice of food its clearest effect is in the search 
for Calorics. There seems to be some self-regulating mechanism, often, 
it is true, overlaid by custom and habit, which guides us in the right 
choice of the amount necessary. As Du Bois. Marrack and others have 
l^ointed out, many people remain co:-..tant in body weight for periods 
of 20 and 30 years as the result of this self-regulating mechanism, and 
it is Calorie intake which largely governs body weight. And as this 
nuchanisin. when allowed to work unfettered by supply and ability 
lu [>iircha.se food, sci ins to set a \alue around 3000 Calories per day as 
the liguro of cho- . we may accept it. for tlie present, as tlic desirable 
though perluips u.U 'inal average ligure for the adult male doing light 


work. 

In earlier editions of this work figures were quoted to show that this 
lorresponds with reality where there is no reason for restriction of 
<’xi>endituie on food. The average of figures given in the Medical 
Keseardi {'oimeil’s Special Reports from 1917 to 1932 is 309S. Figures 
collected by W’iddowson-* average 3067. 

In ii|.|h-S an elaborate series of investigations were made in Eire.^ 
I he lesults seem to us to suggest that the Calorie intake is not related 
to need, but rather lo the amount families .are accustomed to spread on 
food. Thus even in ilie slums of Dublin if more than 20s. per head was 


^ Okr. U 9 ^ 3 ). iood and the Pilot Press, l.tmdi'n. 45. 

- l ancet (1943), 703. ^ Loc. cit. 

^ W'lDUDWSON, H. M. (193^)). Hygiene. 36, 20y. 

A National NutnUon Survey. Part I Part II. jo|o: Part HI. 1040; Part 

l \ , 1049. Dll him Statiiincrv Otlice. 
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spent, the Calorie intake rose to the high figure of 3740. Artisan and 
middle classes took well over 3000. In the congested districts of 
Ireland in autumn an astonishing figure of 4000 approximately was 
reached. In small and large towns the story was the same, and the 
average for farming families was 3500. We fail to see that instinct 
leads to any 'correct' standard. What is clear is that restriction of the 
money spent on food or the availability of food (congested districts in 
spring) brings the Calorie figure below 3000. Otherwise it rises well 
above it. 

Turning to figures from people engaged in more strenuous livelihoods 
and avocations we may quote: Lumbermen, Maine, 6995: .Miners, 
Tomsk, 6015; Brickmakers, New England, 7551; Wrestler, !■ inland, 
4662; Wrestler, U.S.A., 4741; Olympic athletes. 4700. 

Most of the figures were obtained by the housekeeping method, 
though some were obtained by the individual method. Now when tlie 
people are all of an age and sex — say all adult — no complications are 
involved in obtaining the average figure. But in many of those given 
above the se.xes and ages are mixed, so the figures are suspect because 
the method of an "index" to represent the "man value" of women and 
children has been used. In fact we know as yet but very little about the 
Calorie intakes of women and children as will be shown later. Conse- 
quently the coincidence of the average of the British figures with the 
magical estimate of 3000 must be viewed with suspicion. We need to 
start with individual dietaries collected from men. women and children 
in circumstances in which poverty does not limit choice of food. It 
might be thought that for men and women we had such figures prior 
to i935i and we certainly have had some figures for children in 
New York and New England. But until the publication of figures for 
men‘ and womens in 1936, and the collection of over 1000 dietaries for 
children, 8 we had no data for this country which probe the correspond- 
ence of reality with the theoretical treatment usually given to the 
subject. The figures are somewhat shattering to theory. 

With the men. though the average figure was 3067, the variations 
from that mean are very wide, and it is stated by the author that "the 
adoption of 3000 Calories as the requirement of an individual man may 
be most misleading." 

Perhaps it would be wise to go more closely into tliesc figures and the 
way in which they were collected. We quote from the original article. 
"The subjects of this investigation were sixty-three healthy men of the 
English middle-class and all lived at their homes. Their ages ranged 
from 18 to 89 years. Sixty of the subjects were in regular employment, 

> WIDDOWSON, E. M, (193O). Journ. Hygiene, 3O, 269. 

2 WjDDOwsoN. E. M., and McCance, J<. A. (I 93 (>). 293 

* WlDDOWSON, E. M. (1947), Med. lies. Council Special Report Series, N«i. 257. 
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the remaining three had retired. The occupations, which were very 
varied, . . . were mainly of a moderately active kind, though about eight 
might be classed as sedentary and three as very active. None of the 
subjects was judged to earn an income which was too low to provide him 
with the food he required, so the dietaries could be considered to be 
freely chosen so far as money was concerned. They would all probably 
fall into Orr’s three highest income groups. 

"Each subject was provided with a spring balance w'eigliing by 
] oz. up to I lb., a plate on which to weigh the food and a form on 
wliich to enter results. The subjects were interviewed personally in 
almost every case and the exact procedure to be adopted was explained 
to them individually. A record was taken of their heights and weights. 

"All food eaten during the period of one week was weighed. The 
weigliings were carried out on the edible portion of the food, and where 
bones, skins of fruit, etc., were included this was stated so that allow- 
ance could be made in calculating the results. . . 

It will be seen that the people concerned relied on their appetites 
and instincts to guide choice in the amount of food eaten and its nature. 
There was no stinting or deprivation due to poverty; no reason to 
suj'pose that anything but inclination led them to cat the foods they 
ilitl eat and in the quantities they wanted. Yet though the mean figure 
was 3067, one took actually less than the "Sewing girl, London, low 
\^age’’ quoted as an example of undemourisliment in earlier editions 
of this book. \iz. 1772, while another took more — 20 per cent, more — 
than a member of a University boat crew, \ iz. 4955! Moreover, the 
highest Calorie inputs arc not necessarily those of the most strenuous 
workers and the w idest variation occurs among men of similar occupa- 
tions. The university teacher of 28 years who took 1772 Calories per 
day was slightly . nviight, while the man, one year older, an elec- 
trician, who acl- .\ed the record figure of 4955, liad a normal weight 
for liis height an l a^e. .‘iiul these were not freak figures. The spread of 
tlie individual figures was much tliat of a probabilitv curve and the 
standard deviatio-. 714 Calories. Reputations in dietetics have been 
wrecked for less than this. 


Observations which have been made on diabetic patients of all ages 
taking insulin show that they can maintain their weight as a rule, year 
in year out, on diets containing C 130-150 g. V 70-80 g. and F 100 g., 
and yielding Calories 1770-1S50. It is rarely that the Calories of the diet 
have to be raised above 2000, tliough this is necessary in the young 
adolescents or in patients with a w'asting disease like tuberculosis. 

Summing up the matter, we may say that though the average figure 
3067 fits in very well with our theoretical calculations nothin^ else 
do(‘S. Although tliCTc can be little doubt that e;/ the uveruoc increase of 
physical work and increased height an<l weight run parallel with 
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increase of Calorie needs, there is absolutely no ground for rigorously 
applying this to the individual. One man on moderate work may be 
consuming food appropriate- tp very hard work and not be putting on 
weight; another on light work may consume food 25 per cent, below the 
League of Nations figure and yet be putting on weight. In fact, so far 
as we have gone in dietetics, it is difficult when dealing with the in- 
dividual male to see any rhyme or reason in his Calorie intake. There 
must be reasons why one man is pleonectic as regards food and another 
meionectic, but wc do not yet know them. It is a disservice to pretend 
that such variations between individuals do not exist, or that we can 
explain them. And such considerations throw the gravest doubt on 
the usefulness of the "coefficient” or "index" (see p. 37). 

Fact and Theory in the Calorie Input in Women. We have seen that 
the Calorie input in men when measured individually shows an enorm- 
ous variation. We have been given evidence that the "average” man’s 
input is 3000 Calories approximately. Wc have been given the guess 
that a woman’s average input should be, on Lusk's and Cathcart and 
Murray’s scales, 0*83 times that of a male. i.c. 2500 per day. 

When the input of Calories in women is estimated individually^ it 
is found that the spread of inputs is almost as great as that of the men 
above quoted. The lowest figure was 1453 per day. and this was the 
amount taken by a secretary leading an active life with a body nearly 
12 per cent, above the normal standard weight and height. Nine out of 
the 63 women investigated were leading active lives on intakes of less 
than 1700 calories per day. "Three of these were housewives, two were 
secretaries, two were cooks, one a dietitian, and one a student, all 
people with free access to food." Of those on a high input, 2900-3100. 
two were markedly underweight for their heiglits, one just slightly 
overweight and one, a cook, 6-i j)er cent, overweight. Again there is no 
rhyme or reason in the figures so far as can be seen. 

The average input of calories was nearly 2200 Calories per day, so 
that if wc place our credit in "coefficients" or "indexes" a woman 
becomes 0*73 df an adult Jiiale, instead of the 0-83 of Graham Lusk 
and Cathcart and Murray. It is true that the latter did find, in five 
individual cases they investigated, a coefficient of 0-7 for the woman, 
but they preferred to calculate the family intake "per man" on the old 
conventional basis of 0-83. Estimates of the Calorie input by women 
University students at King’s College of Household and Social Science, 
1939. gave figures usually below the 2400 level but in one student of 
3000. When, however, we note that in Widdowson and McCanco’s 
figures the index runs from 0-48 to 1-03 in individual women we may 
wonder if the index has any value whatever. Each individual is a law 
to him- or herself, and so long as body-weight and activity appear to 

* WiDDOWbON, t. .\I.. McCance. R. a. (193O). Jount. Hygiene, 36, 293. 
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be unimpaired we cannot say that such and such a diet, deviating 

widely from the mean, is wrong or unsuitable. • xu * 

In this discussion we have been in danger of j^uimng that wha 
people do. on the average, in the way of diet is nght. H the average 
male not in want, takes 3000 Calories and the average female, in 
similar circumstances, takes 2200. then those figures become in some 
way right and sacrosanct. If there is any truth in the idea that o^ food 
habits are instinctive, there might be some reason in paying attention 
to these figures. Perhaps there is. Introspection does seem to show that 
so long as one is healthy and leading a healthy existence one s appetite 
leads one to eat an amount of food, if simple, commensurate with one s 
Calorie need On the other hand, fashion in woman m the search for a 
definite silhouette, a "refined” attitude towards food or a desire for 
attention on the part of solicitous relatives and fnends may. and 
frequently does, upset the instincts. We have no a prion reason for 
assuming that any of the figures obtained by observation upon man or 
woman are optimal figures. We do not know if all these women had 
taken more food {or even, possibly. less) they would not have been in 
better health. All we can say is that each individual diet was appar- 
ently '‘safe” and not obviously leading to trouble. For the present we 
may accept the figures 3000 and 2200 as respectively satisfactoiy' for 
the average man and woman, while always admitting that the true 
input for any individual may range far from these means without danger 
of under- or overfeeding. 

W'e have here an anomaly which needs scientific investigation. We 
have seen that estimates of basal metabolism do show some uniformity 
in that the Calorie output per square metre of body surface or per lean 
bod}' mass varies but little from the average in different individuals. 
Anything 10 per cert. on either side of the average figure throws doubt 
upon the health of the person with that variation. Yet when we in- 
vestigate total metabolism we find that each person is a law unto 
himself. H ; may be 40 per cent, below the norm or 60 per cent, above it 
and yet aiy.-car perfectly healthy. 

We inus assume that man as a machine for doing physical work 
outside that for keeping the machine alive is a most unstandardized 
]nece of machinc^y^ and unpredictable till we know much more of his 
endocrine, nervous and — dare we breathe it in a work on dietetics — 
emotional make-up. It will take much more research upon individuals 
as individuals before we can resolve this anomaly. So far we have shut 
our eyes to it in spite of the publication by Graham Lusk of curves 
representing the Calorie intakes of three boys of different types as 
in Fig. 3. 

Theory and Fact in the Calorie Input in Children. In view of the 
discussion we have had above concerning the index for children and 
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Fig, 3.— Calorie Intake of Boys op Different Activities. 


adolescents it may come as a shock and surprise that these indexes are 
based on little experimental work. So far as is known, with the excep- 
tion of the figures of Holt and Pales already quoted, there have been 
published no consistent observations for any large number of individual 
children. 

Figures have been collected in this country of the inputs of over 
1000 middle-class children of all ages up to 18 by the individual method 
in the years immediately preceding the outbreak of the war of 1939- 
45. » They are sufficient to show that it is impossible to apply the index 
method of estimating Calorie needs to individual children. At any age 
we may find a child taking twice the amount of Calories (and also 
protein, etc.) that another child in that group takes. We give, with all 
reservations of a scientific nature, the average Calorie inputs at each age 
investigated, side by side with those of Holt and Pales, « the League of 
Nations Technical Commission, and the National Research Council, 
U.S.A. A graph plotting Dr. Elsie Widdowson’s figures against the 
American estimates is also given. 

* WiDDOWSON, E. M. (1947). Res. Cotm. Special Report Series. No. 257. 

* Holt and Fales {1921). Amer. Journ. Dis. Child., ii, i. 
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Widdowson. 

Holt and Fales. 

League of Nations. National Research 
® Council, U.S.A. 

Age. - 

Boys. 

Girls. 

Boys. 

Girls. 

Boys 

and 

Boys. Girls, 

with allowance 
for activity. 

Boys. Girts. 






wns. 


I 

1154 

1152 

950 

940 

840 


1200 

2 

1406 

1431 

**35 

1110 

1000 


1200 

3 

1691 

1533 

1275 

1230 

1200 


1200 

4 

1839 

1718 

1380 

1300 

1200 


1600 

5 

*732 

1708 

1490 

1410 

1400 

2040 

1600 

6 

1940 

1985 

1600 

1520 

1400 

2040 

1600 

7 

2178 

1995 

*745 

1660 

1680 

2280 

2000 

8 

2170 

2088 

1920 

1815 

1680 

2280 

2000 

9 

2443 

2165 

2110 

1990 

1920 

2520 

2000 

10 

2501 

2345 

2330 

2*95 

1920 

2520 

2500 

1 1 

2521 

2292 

2510 

2520 

2160 

2760 2760 

or more* 

2500 

1* 

2630 

2370 

2735 

2860 

2400 

3000 3000 

or more* 

2500 

*3 

2756 

2500 

3040 

3210 

2400 

ft tt 

3200 2800 

•4 

3065 

2O37 

3400 

3300 

2400 

»» »* 

3200 2800 

1.5 

3400 

25S8 

3855 

3235 

2400 

• » ft 

3200 2800 

16 

3105 

2363 

4090 

3*60 

2400 

• • n 

3800 2400 

J 7 

3223 

25*5 

3945 

3060 

2400 

• f 1 » 

3800 2400 

18 

3427 

25*3 

3730 

2950 

2400 


3800 2400 


Before commontiog on these tables we may note (i) Widdowson’s 
and Holt and F. !es’ figures are based on actual measurements of Calorie 
inputs in educ^^.ea middle-class children; the former are based on over 
a thousand ob creations, the latter on but lOO. (ii) Holt and Fales' 
figures are "smoothed” while those of Widdowson are not. (iii) The 
League of Nations and the National Research Council’s figures are 
estimates only (i.e. guesses based upon past obser\’ations, but still 
guesses) of what children should take. 

Wc see that, compared with American children, English children do 
their eating young. They outstrip Americans by at least 200 Calories- 
400 Calories per day (no mean amount) at each age up to 10. If the 
English figures are an accurate measure of needs and not due either to 
greed or maternal solicitude, children fed on the League of Nations 

scale up to the age of 5 would be somewhat starved and on the American 
scale hungry up till 10 years of age. 

* Or more according to activity. 
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It will be noted that an English girl of 10 is already eating as much 
as her mother and at 18 is still at a high level — i.e. above the League 
of Nations’ and the National Research Council’s figures. 

On the other hand, adolescence in the boys does not call for such 
high figures as Holt and Fales and the National Research Council 
suggest. Thus English boys do not reach the 4000 level of Holt and 
Fales or the 3800 level of the National Research Council, and are well 
behind the still higher figures for American boarding-school adolescents 
given by Gephart.^ Observations by one of us gave the input of 14 
English boarding-school boys ranging in age from 14 years 4 months 
to 18 years 7 months, average age 16 years 5 months, as 3300 Calories, 
a close agreement with Widdowson's average figure for the same ages. 
Although we do not admit that the practice of a section of the public, 
albeit an educated and well-to-do section, is a guarantee of rightness — 
an assumption often too lightly made — we consider these average 
figures of Widdowson a saner standard by which to judge the Calorie 
input of children than any hitherto published. Even so they must be 
applied in no Procrustean way to the individual child. 

SuMM.\RY. We have seen in this long chapter that food can be 
considered from the point of view of its chemic^ nature or of its use in 
the body. The first important function of food is to supply energy to the 
body which can be used either in maintaining the temperature of 
the body or conversion into mechanical or chemical (or even electrical) 
work. All can be measured in terms of heat. The chief sources of energy 
in the food are the fats and carbohydrates, though proteins can be and 
arc utilized in the same way. The energy output of the body can be 
measured either by direct or by indirect calorimetry via gaseous 
exchange. 'Fhe input can be estimated by investigation of the diet and 
calculation from food analysis tables. Intake equals output in experi- 
ments made to investigate this. Consequently to measure approxi- 
mately the output of a person we may make an inventory and analysis 
of his diet and calculate his input from food tables. When this is done 
it is found that for the average man the daily figure is 3000 Calories 
for the edible portion of his food, or 2700 for intake. As a result we say 
that the average man's Calorie needs per day is 3000. 

To compare families one with another a convention has been adopted 
that each child and each woman has a need for Calories which is some 
definite fraction of an adult male’s need. To a woman and to each 
child according to age and sex a "man value," "coefficient," or "index” 
IS given. It is assumed that from these can be calculated the Calorie 
needs of any family. WTien. however, we turn to facts we find that there 
IS no correspondence between theory and fact for the individual and 
the index" belongs to mythology. Man’s Calorie intake may vary from 

* Gephart. (1917). Boston Med. Surg. Journ.. 176, 17. 
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1700 to 5000 per day without obvious cause. A woman s may vary 
from 1400 to 3000 (average figure 2200) again without obvious cause. 
There are figures for British children which show that there is the same 
spread of the figures. The actual Calorie needs of a given family cannot 
be predicted and their Calorie input can be usefully gauged only by 
direct observations on each member of that family as an individual. 



CHAPTER III 


rilE FUNCTIONS OF FOOD {conlimied). 

(11) srPPLY OF BODY-BUILDIKG MATERIAL 

Life as we investigate it in the laboratory- is always found in relation 
t(i protoplasm. This is the name given to that substance, half jelly half 
liquid, in wliich life inheres. Life organizes it and its activities, and 
much of its structural organization consists of protein. Moreover in the 
water in its miim rous interstices are a multitude of enzymes, agents 
wliich bring about, under the control of life, the chemical reactions that 
are tvpical of the living cell. 

I'or growth, for maintenance of the cells which make up the body, 
for the creation of enzymes and, moreover for the manufacture of 
liorinones — agents whicli regulate the actinties of the body, both 
simi>le, sucli as thyroxine t>r complex, such as insulin — proteins are 
osential. These the animal b<* b- mus; have in its food, or it will die 
.iiul disintegrate. Protein.^ ih n re es; ntial to life. 

Originally the idea gained ground that there was one protein only-* 
an idea not entirely given up by tlie more ignorant — but as research 
proceeded, from <’aiiy days of the nineteenth century till now, it has 
been shown that there are millions of different proteins. Each species 
>’f plant an*l animal lias its own specific proteins. Ai first it w;ls shown 
that Iluv diffeieii in their physical and chemical reactions. Some are 
Miluble in w.itcr. others need the jtresence of salts to make them soluble. 
Sonii: are c('agulalfd by boiling, others m>t. Most arc insoluble in 
•ilcohol, but a fi w are soluble. .Ml have large molecules and belong to the 
1 l.iss called colloids whicli, iliough in soluti<in, will not pass through an 
.uiinial nieinlminc. Many are crystallizable and can thus be prepared 
in juire form. All arc cf»mposed of carbon, nitrogen, oxygen, hydrogen 
and sulpiiur, and s"nic in adflitii'ii contain phosphc>rus. 

On digestion with ferments in the gastric, pancreatic and intestinal 
juices proteins i r< ak ch»wn into their comjtoncnt parts and these 
iiltiniato i>arts ari- amino acids. 1 he brilliant work of Emil Fischer at 
the turn of the century showed that i)roteins consist of long chains of 
amino acids, linked ti.igethcr through their amino groups combining 
with the acid jiart of tli-' next door amino acid. 

Slowly the constituent .[innio acids of proteins were isolated. Early 
ones to be discn\t'red wcii; tyri-sine and h-ncine. It is possible that even 

bo 
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yet we are not at the end of the list. Chromatography is pointing the 
way to fresh discoveries. At present there are at least twenty of them, 

the chemical formulae of which are given below. 

Originally it was thought that digestion’s function was merely to 
make proteins diffusible through animal membranes. Egg albumen is 
not diffusible through parchment; peptones made by digestion from egg 
albumen are. It was argued that it would be a waste of energy to digest 
proteins further than peptones. None the less ammo acids were founc 
in intestinal digests and the small intestine secretes a ferment whicli 

rapidly digests peptones to amino acids. -.t 

In iQOi-3 came the discovery and isolation of an ammo acid with a 
specific colour reaction viz. tryptophane. » Sundry pure proteins (e^g. 
zein from maize and gelatin from connective tissues) do not give this 
colour reaction. Such proteins cannot support life. From the Pioncev 
work of Hopkins in Great Britain and Osborne and Mendel in the 
United States it became clear that the body, m digesting proteins, is 
seeking the amino acids it needs to build up its own particu ar and 
specific proteins. From this conception it was an easy step to the view 
held to-day that there are definite indispensable ammo acids which 
must be present in a protein before it can support life when given in 
addition to sources of Calorics, mineral elements and vitamin^ 
Hopkins' work pointed the way. and Rose, m the United States 
brilliantly showed which ones are indispensable for human existence. 

Amino acids are all of the type \ . where R is some 

simple linkage of carbon and hydrogen with, possibly, an ammo group 
or sulphur. Two amino acids can link up as in the equation 

NH 2 CHCOOH NH 2 CHCOOH = N HaCHCONHCHCOOH + H 2 O. 

k 




U 


K, 


The compound (a dipeptide) can Unk with another amino acid to form 
a tripeptidc; this with another and so on to make a tong chain (poly- 
peptide), and X-rays show some proteins to be long chains of ammo 
acids of which the following may represent a middle portion: 

— NHCHCONHCHCONHCHCONHCHCO— 

1 

R* 


Hi 


11 


1 <* 


As there are some 22 amino acids available for the building of 
proteins and there are 250 or more links in the chain of the simpler it 


1 Hopkins, R G., and Cole, S. W. (1901)./. Physiol.. 27, -,18, and (1903). .hid 

29» 45*- 

* Hose, W. C. (i949). 54<>- 


• I 



52 DIET IN NORMAL LIFE 

will be seen that some or all of the amino acids must be repeated several 
to many times in the molecule. It will also be seen that there is an 
enormously great possibility of difference between proteins, for the 
amino acids in a protein may differ in (i) their number, (ii) their nature, 
(iii) their mutual proportions in number, and (iv) their order. Each 
difference will entail a difference in the protein constituted. A protein 
with 200 links would be different from one with 400 links; a protein 
with all the amino acids would differ from one wth all but one of the 
amino acids; a protein with much glutamic acid would differ from one 
with little: and a protein with the formula 

NHXHCONHCHCONHCH— etc. 

■| 1 1 

Rj Rj Rj 

would differ from one with 

NHXHCONHCHCONHCH— etc. 

1 I 

R2 Ri H3 

It docs not follow that the chains are straight. The R„ and Rg, 
etc., may attract each other or repel. They may even join up with each 
other and so on and fori.i girder-like structures or frames as of a steel 
building. ‘ Most of this is not important in dietetics, except perhaps as 
bearing on the digf atibility of certain proteins, but what is of import- 
ance is that the nature and proportion of the amino acids in proteins 
may vary, for herein lies the explanation for some food proteins being 
pref r.ed to others. 

The formulae of most of tlic amino acids found in proteins are here 
giv<‘n. 


rf-.Manino 

/-Serine 

(/-Threonine 

</-\ aline 

/-Leucine 

(f-Isoleuciiio 


CH.NHs-COOli. 

CUa.CUNHu.COOH. 

CH2OH.CHNH2.COOH. 

ClIj.CHOH.CHNH2.COOH. 


y'H.CHNHo.COOH. 

(ll/ 

t Hj 

C M . C H .. .C H N H 2 . CO OH . 

CHj/ 

CHj. 

V H.CHNH..COOH 
C.H / 


* JoRLKXN Llovd and Aijnes Moul. ^1038), Chemistry of the rroleins. iiul riln., 
Churchill. Astdury. (lo ji). Che)i. and htd.. 60, 491. says ‘'that most proteins are 
myaiitic. organised polypeptiilc chain systems ami the chains arc in specific 
configurations and arc linked uiu to am»thfT . . they are polypeptide cliain 
systems heas ily disguisc'd/* 
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/-Aspartic acid 


(/-Glutamic acid 


rf-Hydroxyglutamic acid 


d-Arginine 


CH2.COOH 

inNHa-COOH. 

CH2COOH 


CH2.CHNH2.COOH. 

CHgCOOH. 


/-Histidine 


(/-Lysine 

/-Cystine 

/-Methionine 

/-Phenylalanine 

/-Tyrosine 


/-Tryptophane 


/-Proline 


/-Hydroxyproline 


CHOH.CHNH 2 .COOH. 

.NHg 

^H"C (^HNHa.COOH. 

CH^C.CHg.CHNHg.COOH. 


N NH 

/ 

CH 

CH^NHa.CHg.CHa.CHa-CHNHj.COOH 

SCH2.CHNH2.COOH 

SCHs-CHN’Ha.COOH. 

CHjS.CHg.CHg.CHNHg.COO?!. 

C0H6.CH0.CHNH2COOH. 

CoH,OH.CH 2 CHNH..COOH. 

H 

C 

\ — C-CH-g.CHNHg.COOH. 

I li 11 

HC C CH 

V/ V. 

H 

CHg — CH2 


NH 




:h2 ch.cooh. 

\/ 

NH 

CHOH— CHs 

I 


CH 


CH.COOH. 


\/ 

NH 


The following amino acids are indispensable for man: valme, leucine 
isoleucine, threonine, methionine, phenylalanine, tiyptophanc. and 
lysine. Any others can be synthesized by the human body given the 

above. . , • 

Any protein not containing all these indispensable ammo acids is 

useless, by itself, in human nutrition, though it may be of consideral)le 
Ffd 
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value in conjunctioji willi otlier proteins. As a matter of fact most food 
proteins contain all the indispensable amino acids, though not in the 
proportions in which they arc found in human proteins. Moreover 
most foods contain more than one protein— for example an egg 
contains seven — and often one protein makes up for the deficiencies 
of anotlier. 

('onse(}ucntly man can live on almost any food containing proteins, 
though it may l)e diflicult to get enough into one without becoming 
pot-bellied. (The prime example is potatoes.) Clearly, too, a man could 
theoretically ilo lK‘st, with least metabolic effort, on a diet which 
('ontains nil tlie essential amino acids in exactly the proportions and 
amounts that are found in human beings, as. indeed Sir Robert Hutchi- 
son points out m his short history of dietetics {p. xvii, above). As 
howe\’er we lixc on animal and plant proteins and not on human 
pndcins, and as food proteins \ an.’ \‘ery much in their amino acids 
content, some foods are more advantageous than others. Thus milk 
jiroteins and egg jiroteiii'i have 5b-(>’ of their whole molecules made up 
of the essential amino acids whereas white Hour, and wheat-gernt ]>ro- 
teins liave onh 41 and 40 respecti\-ely. ‘ < onsctjuently we should exjiect 
eggs and milk to 1 h- belter for growtli and maintenance than white 
flour .md wheat germ. .AmUlier way of slating this is: that while 100 g. 
of milk proteins will more than cover all the needs for essential amino 
u'TK per d.iy, meal proteins f<ill short in xadine, white flour proteins 
in h.'ine, tiyplo])hane, llireonine and ]irol)ably valine, bread made 
willi milk in lysine, threonine and valine, maize proteins in lysine and 
trypli^diane and soya bean imdeins in methionine and valine. 2 

1 ImI one protein is better than another in human nutrition is gener- 
ally expicsseil by saying that it has a higlier biological value, and to 
tliis term 's often given quantitative values. Thus if 100 g. of a 
prolein in .v food will replace lou g. of protein in the human body it is 
'akl l'< ha\'i' a biological value of 100; it nnlv <)0, its biological value is 
Ou. Ni' I 'od ]-rotein can In- expected l4i reach Ihi- npj>er level though 
the mixevl j'ruieins of milk and of eggs are consider^xl to approach this 
irleal liguie. 

l-.ai!y woik l>y \ oit and Jvorknnoif showed that a smaller amount of 
potato [fri-ieins than of wlieal proteins wouM |>revi-nt loss of nitrogen 
from tlie body; ieubner ami Rose conlinned this observation and Karl 
1 homas I’Xtended these obserwitions on the biological values of proteins 
to those of milk, cereals, meats, bony I'lsh, shell fish, spinach and 

1 Quoted from M. Callow, I coJ aii.l Ilcullh. 3rd uilii., t.m>. The late 

autliur would make no claim tiiat Ihc'e li^ure-' are ahsoliilely correct, for aniiiio 
acid analysis is very dilii' ult hot tlu-y -’Imu the onitr of the dilferenco between 
these food proteins. 

- Hlack. K J , and li.iN'., li .Oijy). J hv .iimno acul Composiliiyu of 
1 ‘iL’li'iiis (litd l-'vvds (Chas. C. Tlu-masi. 
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cherries. Though no one to-day accepts the actual figures he gave it is 
admitted that the order in which he placed the proteins was right: 
animal proteins at the head of the list, potato and rice proteins high, 
wheat proteins next and maize somewhat lower. 

The next outstanding work on the biological value of proteins was 
made by Martin and Robison.^ The assay on human beings is one of 
almost incredible difficulty as anyone who reads their account will 
realize. The first step is to reduce the subject's protein metabolism to 
the minimum by feeding him massive amounts of fat and carbohydrate 
but starving him of protein. The body slowly settles down to an output 
of (say) 3 g. of nitrogen a day.* This equals a loss by wear and tear of 
3x6*25 g. protein=i8*75. Then the protein to be tested is added to 
the diet in increasing amounts till the intake via the intestinal mucous 
membrane exactly equals the loss of protein from the body as measured 
by the nitrogen in the urine and faeces — till, in other words the subject 
is in nitrogenous equilibrium. Theoretically, if it takes 37-5 g. of the 
tested protein to get the body into nitrogenous equilibrium, its bio- 
logical value will be loox— ^=-— =50. Martin and Robison showed 

^ 37-5 2 


that it is not necessary to get the body into nitrogenous equilibrium — a 
thing very difficult to achieve. The biological value of a protein can be 
calculated from the slope of a curve relating the intake and otitput of 
nitrogen at stages below the point when equilibrium is reached. 

The difficulty of canyung out the estimations on man has led to the 
growing use of adult rats for this purpose. This introduces a doubt iti 
accepting the results: may not a j)rotein have a biological value for 
man different from that for a rat? Tlic doubt is reasonable, though not 
very compelling. When the results of the different methods are collected 
a close agreement between them is found. ^ They all put milk and egg 
proteins at the head of the list — which, after all, is not astonishing in 
view of their functions in life — with meat and fish proteins as nmners 
up. Next came cereals, followed by the pulses, with nut proteins in the 
rear. There is evidence that storage and cooking lowers the biological 
value of proteins, probably due to reaction between sugars and the 
amino acids lysine, methionine and histidine.> 

As said above and contrary to the view held at the opening of this 
century we do not take proteins for their own sake but for the amino 
acids they contain. It has become possible to give a figure to represent 
the biological value of a protein according to the distribution of tlu* 


> Makti.v, C. H.. and I<oiii.so.v. (ujii). iJioch. J.. 16, .joi. 

* .\b an fxamp)*' from actual cxpcTimcnt g. in tlic urine anil o-8 in tlu; 
stools. 

s liOAS-Plxsic.s. .M. ( 10351 , -i. 447. 

* JJenoer, a. H. (> 954 ). I'oofl .Mauufarlure, 29, 183. 
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amino acids in that protein, and it is agreed that such figures show 
approximation to those obtained by actual experiment. Nevertheless it 
is still very difficult to estimate amino acids and it is therefore im- 
possible to accept the figures given as absolute. 

The main thing which comes out of all this research in the practice of 
nutrition is that wc should mix the proteins in the diet. No protein 
should be labelled bad and avoided because of a low content of the 
essential amino acids, nor prized particularly because it has them in 
superabundance. {In any case foods containing the latter are expensive.) 
Often the deficiencies of one protein may be counteracted by another 
protein, itself deficient! As the late A. B. Callow expressed it: two blacks 
can make a white. A good example is the combination of gelatin and 
bread. The biological value of gelatin is zero; that of bread proteins is 
only moderate when compared with egg proteins. Yet the mixture of 
the two has a biological value higher than that of bread proteins. 
Gelatin, though poor in most of the essential amino acids, has a moder- 
ately good ammmt of lysine, in which bread proteins are poor. 

On the whole, proteins from animal sources — eggs, milk, meat, fish 
and cheese— have more of the essential amino acids than foods of 
vegetable origin — cereals, pulses, nuts, fruits and vegetables. But 
even so it is ptj.-'Slble to choose mixtures from plant sources that are 
nsefvil in human growth and maintenance. A notable example is a 
mixture of cereal jnoteins with those of the soya bean, which has been 
used by Dean in feeding children in the \\'uppertal area of Germany 
and in Uganda. ‘ 


Of the essential amino acids lysine, methionine and tryptophane 
have come in recent years into prominence; lysine because it is the only 
amino acid which is built directly and without change into the anim^ 
protein molecule, methionine, a sulj>hur containing amino acid, because 
it is particularly valuable in rebuilding damaged tissue, particularly of 
liver and skin (c.g. necrotic^ and cirrhosed liver and burns) and 
liy[)tophaiie because the body can manufacture a vitamin, nicotin- 
amide, from it. Doubtless future research will ascribe specific functions 
to other amino acids, as it has to these and to phenylalanine (formation 
of tliyroxine and adrenaline). But the main function of amino acids is 
synthesis of new prot« in, for growth and repair of wear and tear and 
chemical damage, with subsidiary, though essential, functions of 
manufacture of hormones of both low molecular weight — thyroxine 
and adrenaline — and liigh nu)Iccular weight (c.g. insulin), and of 
enzymes and antibodies. 

There arc two other ]>oints to be considered before wc pass on to ask 


‘ Dean, R. F. A. (X953). /<»•'/- W.H.O., g, 767. 

‘ E g- after chlorofornx aiel I'.N T poisoning and damage to the liver due to 
under feeding with protein. 
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how much protein we should take per day and these are (i) the indi- 
vidual variation in need for essential amino, acids and (ii) the relation 
in time which must subsist in taking the different amino acids. In 
Rose’s experiments it was found that the minimum levels of the 
essential amino acids varied from individual to individual. Some 
amino acid minima were consistent from one person to another; others 
showed a variation of 100 per cent. This variation we have come to 
expect. We have seen it in Calorie intakes; we shall meet it again 
in protein, mineral elements and vitamin intakes. The amino acid 
requisite minima showed no correlation with surface area, and there- 
fore with basal metabolism. When we come to consider protein 
metabolism later this will not appear so astonishing though it is discon- 
certing. Further, there is evidence that the essential amino acids must be 
given all together and not at different times. No storage of tliem exists. 
Even if so short a time as one hour elapses between the giving of some 
of the essential amino acids and the rest, the growth rate (in 
the rat) is impaired. Something similar has been observed in work on 
the biological value of proteins. Bread proteins have a moderate bio- 
logical value; cheese proteins a high one. Bread with cheese has a 
biological value as higli as cheese alone. But if bread and cheese are fed 
on alternate days the cheese protein docs not supplement the value of 
bread proteins. The same is tnic of potato and milk proteins. If this 
applies to man, and the probability is that it does, the poor proteins 
must have their supplementary good proteins at the same meal. The 
bad Victorian way in our public schools of bread and butter breakfasts 
and evening meals was not only poor, nutritionally speaking, but 
wasteful of the meat proteins at the midday meal. The essential amino 
acids should all be presented to the intestinal mucous membrane at 
the same time. 

This raises a theoretical point: are the amino acids released from the 
proteins at the same rate? In vitro they are not. If not so released in the 
small intestine there is bound to be wastage of one or another amino 
acid. Prolonged storage, canning and even cooking seem to make the 
proteins of the foods less digestible and their contained amino acids 
liberated at a slower rate. This may account for the lower biological 
values of proteins so treated. 

The bearing of all these experimental and theoretical considerations 
on the practice of dietetics is clear: 

1. We deal in dietetics with mixed proteins and consequently the 
biological values of isolated proteins arc of theoretical interest only. 

2. We have the strongest theoretical and experimental reasons for 
advocating a dietary in which the proteins are well mixed. 

3. We are practically forced into the position of stating that there 
should be foods with proteins of the higher biological value in the diet 
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every day, and, possibly, at all the meals. By proteins of high bio- 
logical value we mean those of animal origin— the proteins of milk, 
eggs, meat, fish and cheese. These are usually referred to as first-class 
proteins, and the proteins of cereals, pulses, nuts and vegetables 
relegated to the second class.* 


I).\iLY Intakk of Protein 

As dietetics is a cpiantitative subject two questions at once arise: 
how much should our total intake of protein be per day? and how much 
first-class proteins should there be? We have to admit that though we 
can give practical answers wliich are based on empiricism we have little 
incontrovertible fact. We can say that for a male adult the total intake 
of protein may reasonably be taken as bo-ioo g. per day of which nearly 
une-half should bo of first-class quality, because wc know that these 
estimates generallv “work.” The League of Nations ])ut the figure for 
total proteins as i g. per kg. body weight, or 70 g. per male, and the 
National Research Council of the l'.S..A. adopts tlic same figure. But 
we shall do w rong if we proclaim that these estimates are right for every 
li\'ing male and are established uj)on sound .scientific bases. 

.\n ingenious srt of e.Kpcrimenls to measure the least amount of 
jTolein which will maintain the body in nitrogenous equilibrium was 
made bv Leitch and Duckworth. Subjects were put upon low intakes 
of ))i\)lein and the amounts gradual]\’ increased. The intake nitrogen 
was ]d<jtted against the output of nitrogen in the urine. If the body 
Itehaved ideally the result would be as the continuous line MEN in 
big. 5, As the intake iniTer>scs the output would fall along ME. horizon- 
tally. .\t E where t; .ailput exactly equals the intake, tlu* graph would 
ascend in .. . 'ht line at 135 to ML along EX. In actual experiment 
this conditio is never attained. It is found that \ery often equilibrium, 
or even ga.n, L leachcd at a lower fi.mni' un one day or in one person 
than on imothi i day. But if intakes are plotted against outputs the 
li<ilanci..s fall rough!}' on two parallel lines. Tlie negative balances are 
on a line abcnc the ideal line and the positive balance.s below it. On the 
lino lor iikal Ixdance a jioint can be found which is eciuidistant from 
the negative and positive balance graphs. I'his may be assumed to give 
the figure for the ieleal intake at which nitrogenous eipiilibrium can 
l>e luainlainci! indefinitely. Ihc actual figure chosen by Leitch 
and Duckworth was .S* ;5 g. nitrogen which c<pials 52*4 g. protein 
per day.- 


' We arc quite awau- tlial .1 mixture <»f ccrc.il> and pulse proteins can almost 
inulato animal proteins. l.xpiTt nulritir.nists can prescribe such mixtures, but 
for the average person it is best \ rely on the undoubted values of animal proteins. 

- I.KITCH, I.. and Duckworth. J. po 37 ). -Vn/- .-iOst. and Rev.. 7, 257. 
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Experiment, therefore, seems to suggest that a normal man could 
live on 52 g. of protein per day so long as he remained in health. To 
guard against inevitable upsets of the ideal routine it has been suggested 
that a figure 50 per cent, above the minimal figure should be accepted. 
This comes to 78 *6 g. or about 80 in round figures. 

As a matter of fact, this intake occurs very commonly among the 
people who carry out metabolism experiments. It is approximately i g. 
of protein for i kilogramme in weight. If it holds good for women their 
intake should be about 56-60 g. per day. 

This estimate has been very widely adopted. It was Sherman s 
original suggestion and. as stated .above, it has been adopted by the 



Fig. 5. 

League of Nations Technical Commission on Nutrition and the National 
Research Council of the U.S.A. Examination of the nitrogenous output 
of laboratory w'orkers often corresponds with the estimate. And we 
may as well accept this figure for the average adult male until we have 
something more certain to replace it. 

It is by no means accepted by everyone. There are those who main- 
tain that the figure is too high. There are some who aver that it is too 
low. Sometimes these attitudes are based on experiments on a few 
isolated individuals, but more often, it seems to us, there is more 
prejudice than science behind them. A high protein diet usually means 
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a high meat diet and those of iis who like meat, throwing back to the 
hunting prehistoric ancestors of all of us, exalt the value of proteins in 
the diet. There is an exploded view that meat is essential for muscular 
work; the breadwinner must have meat. On the other hand, protein 
foods are expensive. Economy demands a low consumption of protein, 
though, as a matter of fact, a diet in which wheaten bread is present in 
large amounts is a high total protein diet. Vegetarianism, and the 
emotional trends which make some people take up vegetarianism, are 
on the side of a low protein diet. The state of war has proved to many 
of us that we can subsist on a low protein diet. Before this last war a 
sentimental adulation of the peasant way of life was fashionable, and 
peasant diet is often a low protein diet.* Finally — and this consideration 
seems to us to be important — there is a big gap between the amount of 
protein necessary to replace the loss due to wear and tear and the 
amount which is recommended above, viz. 70 g. per day of total 
protein. 

Before discussing this serious discrepancy let us assemble a few of 
tlie facts known about the minima claimed. Nitrogenous equilibrium 
has been obtained on so low an intake of potato proteins as 25 g., of 
wricat proteins at 60; Martin and Robison put the figure for milk 
proteins at 38 and wheat proteins at 69. On long c.xtended dietaiy' 
r<.\gimes Chittenden, the pioneer of the low protein (and low Calorie) 
di' t, showed that his a\-eragc intake was only 36, though his athletes 
took amounts wliich, as Marrack points out, 2 were not far from the 
League of Nations standard. Hindhede maintains that he and his 
laboraloiy assistant Madsen remained in nitrogenous equilibrium on as 
little as 22 g. per day, year in year out, though his compatriot Johanne 
Christiansen will not allow that his experiments are trustworthy. Rose, 
whose work seems to be best authenticated, lived for 15 years on a diet 
of 38 to 40 g. of protein per day and at the age of 70 could walk for 
1(1 hours a «lay and climb 11,000 feet on a diet containing somewhere 
ai)()ul .35-30 g. It is true that he suffered from numerous colds, but his 
j'hysical capacity would put most of us to shame. 

(Jn the oth« r hand, a collaborator, Schmid of Thun, Switzerland, 
found tlmt he could not live on Rose’s 29 g. per day and considered that 
it was not pos>ihlt: for him to maintain health on less than 60 g. per 
day. Consonant with this, Siisskind, who weighed at the time of the 
experiment but 52 kg., finind that he could not live on as little as 6^ g. 
The League of Nations figure, i g. ])er kilogramme, was not enough for 

I This seems to be at the bac.-k of Terroine's views quoted below. It mav reason- 
ably be pointed out that the non-pc.isant agricultural methods of Great Britain 
prior to 1039 produced more food— mucli more food— per person employed, than 
m any European countrv' run on peasant cultivation. As there is a world shortage 
of food tlic less said al)oiit peasant cultivation of the soil the better. 

^ M.\rrack» J. R. hood and Vlanniug, 
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him. Cony Mann remained in health when his intake was between 
60 and 65 g. of which nearly 42 were animal protein, but failed 
when he cut down the milk protein even though he replaced it by 
meat. 

What are we to make of this diversity of opinion and experiment? 
We cannot throw overboard all the low figures by impugning the 
scientific methods of the obser\'ers, nor need we attribute to those of 
the higher figures psychological instability due to the monotony of the 
diets they consumed. It may easily be that each person has his own 
specific level of intake. We know^ that men in good health and having 
an income sufficient to meet demands for food take from 53 g. to 167 g. 
per day. In these estimates there was to be found little or no correlation 
between the size of the figures and the weights, ages and activities of 
the consumers. The protein inputs ran mainly parallel with the Caloric 
figures: a high-protein input nearly always accompanied a high 
Calorie intake. The frequency distribution diagrams of total protein 
and of Calories showed considerable likeness. All we can say about such 
figures is that some people eat more than others without apparent 
reason and perhaps we may say also of the experiments on protein 
minima that some people can attain minima unattainable by others. 
At any rate it should make us very chary of cutting people down to the 
minima of Chittenden. Hindhede or Rose. In fact some people would go 
so far as to say that in prescribing a diet for a nation or large group of 
individuals you should legislate for a maximal intake rather than the 
minimal, lest some should not reach a subsistence level. 

Now is there any explanation of the fact that though the wcar-and- 
tear loss of protein in the body is at the level of about 18-20 g. a d.iy. 
most of us take 60 or 70, or even more protein to replace this amount? 
The wear-and-tear loss is due partly to the growth, and subsequent loss, 
of nails, skin and hair. The skin is continually, though u.sually imper- 
ceptibly, being sloughed off. The alimentary and respiratory tracts 
desquamate gently. Mucus produced by each tract is lost to the bod\ . 
Further, such a secretion as adrenaline, wliich must be manufactured from 
the tyrosine or phenylalanine of the protein eaten, is oxidized and lo.st. 
Some of the creatinine lost in the urine also must come from the brea - 
down of amino acids in the body. Enzymes also are excreted in urine 
and fxces. In addition, it is usual to imagine that the tissues in their 
activity wear out and let proteins, especially perhaps nuclcoprotcins, 
out into the lymph and blood stream after which they are broken down 
into their component parts and excreted as carbon dioxide, uric acu 
and urea. The wear-and-tear protein is pictured as the protein which 
has been built up into the tissues or secretions of the body and as the 
result of wear and tear has been “rubbed off' those tissues or excrete 

i WiDDOWSON, E. M. (I 93 <i). Journ. Hygiene. 36. 269. 
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because no longer wanted. This v'iew of wear-and-tear protein metabol- 
ism was developed by Folin and b}'’ him dubbed “Endogenous protein 
metabolism.” The metabolism of any protein (in the form of amino 
acids) which was not built into the tissues of the body but used for 
combustion and the production of Calories was termed “exogenous 
protein metabolism.” 

There is apparently a big gap between the figures for the necessary 
minimum wear-and-tear protein, i.e. the endogenous protein meta- 
bolism, and the total protein metabolism. Most of us, though not the 
Chittendens, the Hindhedes and the Roses, live a prodigal existence, 
throwing most of the protein we eat on the bonfires of the body to 
produce energy. It is even worse than this. Protein has a “specific 
d^’namic action,” as it was termed by Carl Voit, its discoverer. 

WTicn food is fed to the body in amounts which should theoretically 
cover the output of Calories the body promptly steps up its output to 
a still higher level. There is a “luxus” consumption on the part of the 
body — it apparently finds an increase of income irresistible and be- 
haves in a spendthrift manner. Now protein has an effect on expendi- 
ture of Calories far greater than that due to fats and carbohydrates. 
\Mu‘reas these raise the level of expenditure some five per cent, above 
the original level, protein may raise it by 30-37 per cent. Thus in an 
experiment In’ \'oit, often quoted, an amount of protein which on com- 
bustion by the body theoretically should yield 100 Calories, evoked an 
outburst of 137 Calories, and Du Bois* calculates that at least 30 per 
cent, of the available Calories of a large Ix'cfsteak breakfast eaten by 
liiniself went in this wasteful specific dynamic action. For the lieat has 
to be uasted; it cannot be used for muscular energy. It is true that it 


can l)e used to keep up the body temperature. In animals exposed to a 
temperatur*- approaching freezing point, the specific dynamic action of 
protein is low .ind only ri.ses to its extreme when the surrounding tem- 
piTatureof tlic airis tropical. But man everj'whcre contrives by clothing 
and housing, even within the Arctic Circle, to maintain a tropical or 
subtrojiical teinjic rature next to his skin, consequently protein consump- 
tion has nearl\- its full specific dynamic action, and tlierofore protein 
consumption appears to be an extravagance. 

iho cause of this action, though investigated for many years by 
Graham Lusk and his pupils, is still somewhat obscure. As said above it 
IS not evident when the temperature of the air surrounding the body 
is low. Nor is it present wheii }.)rotein is used in manufacture of fresh 
tissue, or, as I'olin would put it. for endogenous metabolism. It appears 
onl>' when protein is fed in amounts considerably greater than those 
needed to replace wear-and-toar” protein. In fact it is conceivable tliat 
if we took protein in small amounts at frequent intor\'als throughout 


l)u I'.. I*. (103(0, iici'tf/ Mifaholism in Health and Di 


sense. 
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the day there would be no specific dynamic action evidenced. It is 
known from the work of Voit and Graham Lusk and his pupils that it 
is not the digestion of protein which causes it. Each individual amino 
acid has its own specific dynamic action and the results are additive. 
The specific dynamic action of a protein is the sum of the actions of 
each of its contained amino acids. Therefore, since the action of 
glutamic acid is less than that, say, of alanine, the specific dynamic 
action of a protein with much glutamic acid in its constitution (e.g. 
the cereal proteins) is less than that of a protein with a greater i)ro- 
portion of the other amino acids (e.g. meat proteins). 

The case against high-protein consumption, on these grounds, 
appears to be getting strong. All the protein we cat in excess of that 
necessary to replace wear and tear is apparently tossed on to the 
bonfires of the body, there to provoke an extravagant and useless 
waste of heat not only by the combustion of its component amino acids 
but of fat and carbohydrate as well. We leave out of this indictment of 
high-protein consumption all the supposed and largely imaginar\ 
evidence that a high-protein diet damages the kidneys or j^roduces a 
high blood-pressure. The Eskimo, eating five times the amount of 
protein that the American of European origin eats, has no greater 
kidney or arterial blood-pressure troubles. Nor has the Masai with his 
diet of meat, milk and blood. Besides, as Marrack* very reasonably 
points out, why should we have special solicitude for the kidneys? Why 
not for the heart and therefore prescribe no exercise, or for the brain, 
and prescribe no thought? Moreover, man, ancestral man, in the million 
years before the dawn of civilization must have lived on a diet pre- 
dominatingly protein, and we are here to tel! the tale. 

There is a case against a high-level consumption of protein if Folin s 
conception of exogenous and endogenous metabolism of i)rotein be 
accepted. But is Folin's conception sound? We have assumed for year?, 
that the amino acids arising from the digestion of protein were usid in 
one of two ways: (i) they are destroyed at once in the liver, the nitrogen 
excreted as urea, and the fatty acid or the glucose formed from the 
residue used for fuel (exogenous nitrogen metabolism), or (ii) the) arc 
built by the body into human protein.* So many molecules of alanine, 
of phenylalanine, of lysine and so on are taken from the circulating 
blood, are placed end to end in their right order and riveted together, 
and, lo! the miracle of human protein. When, in the course of tmie, 
owing to “wear and tear,” this protein is no longer serviceable, it is 
disintegrated into its component amino acids and these in turn are 
converted into glucose or fatty acid and ammonia by the liver, anf u- 

* Marrack, J. R. Op. cit., 49. - 

* Small amounts arc needed iot the inanulacturc of enzymes and o lorm 
such as thyroxine, adrenaline, secretin and insulin. 
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end products lost to the body as carbon dioxide and urea. Some amino 
acids built up into nucleo-protein do not reappear in the form in which 
they were used in the process of building, but take a different path and 
appear as uric acid. This process of the building of amino acids into the 
proteins of the body's tissues and the subsequent disintegration of their 
constructions we termed “endogenous protein metabolism." This is 
the doctrine we have been wont to teach to our pupils for the last forty 
years. It is wrong. 

Suspicions of the doctrine had been aroused by the fact that when 
the protein intake by the body (human or animal) is reduced to zero 
the nitrogen output in the urine does not at once fall to the lowest 
level accepted as “endogenous"; nor, again, does the output at once 
rise to the “exogenous" plus “endogenous" level when the intake is 
raised from zero to a normal figure. There may be a lag of four or five 
days before constancy is reached. It appears as if the body were reluct- 
ant to part with some nitrogenous material not truly “wear and tear" 
l)rotein when submitted to protein starvation, and also, as if, when again 
raised from zero to normal intake, it makes a point of restoring those 
reserves before excreting the same amount of nitrogenous material as 
it is receiving. Of course the explanation of sheer inertia could be given 
of these phenomena, hut such explanation did not wholly quieten sus- 
picions that the true explanation lay deeper. The discovery of isotopes 
bv Asto!i and the subseijuent isolation in quantities of these isotopes of 
elements has put a means of investigation into the hands of experi- 
mental biologists which has thrown mucli light upon what is happening 
in the body in the process of protein metabolism. The result is that 
whereas the terms exogeno\is and endogenous metabolism are still 
useful terms, the distinction between them, once lield to be so sharp, 
is WIN’ tenuous.' 

It is clear that if you give an animal an amino acid, say leucine, 
to eat with its normal diet you cannot discover whether that leucine 
is metabolized at once or if it is l)uilt uj) into the protein molecules of 
the tissues of the body. It might go via the ixogenous path or it might 
replace a leucine in, say. the serum or the heart or even the skin 


proteins. No one could tell. Ihit if it could be labelled in some w'ay 
which would enable it to hr identified, then we could track it down and 
tliscowr if it were chang«.'d at onei' into urea or built up into tissue 
juotein. Wo should expect that it it were given in addition to a satis- 
factory protein diet, one th.it niiich more tlian covereil the needs for 
re[)laceinent <i[ wear and te.ir of the j'roleins, it would be metabolized 


.uid excreted at t)nce as rirea, i.e. it would follow the exogenous path 
of protein melaholism, at any rate in (lie main. 


' Schoe.mii-i.\ii;k. ih, Hviuiw.n Stat^ ot Body Constituents 

University l’rcs>. 


Harvard 
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Schoenheimeri and his associates have accomplished this labelling 
by inserting heavy nitrogen (Ni*) into the amino group of ammo acids 
and by replacing the hydrogen either of the amino groups or of the 
carboxylic group with heavy hydrogen (deuterium). Feeding such 
amino acids to an animal enables the observer to discover whether they 
are built into the protein molecules or metabolized at once. If the latter, 
the heavy nitrogen and the heavy hydrogen which had been inserted 
into the amino group of the amino acid would appear in the urea 
excreted. Supposing it is built into the protein of the tissues it can be 
found there or if endogenously metabolized it could be discovered m 

part, in the allantoin excreted by the animal. , , „ j 

In the first place it was found that the animals treat these labelled 

amino acids exactly like the normal amino acids. The animal body cannot 
distinguish between the two. One is as useful as the other in metabolism. 

Secondly when labeUcd amino acids are fed to the laboratory rat, 
mixed with a high (i6 per cent.) protein diet the tissues buikl into their 
substance 44 per cent, (labelled glycine) or 56 per cent, (labelled leuc me) 
of the labelled acids. Intestines, kidney and spleen are the most active 
tissues which do this and the skin the least. Thus instead oh at the most, 
20 per cent, of the fed amino acids being concerned with endogenous 
protein metabolism, at least double and sometimes treble that amount 
was so concerned. Further, it was found that ammo acids doubly 
labelled, i.e. in their amino groups and their carboxylic groups, were 
not built in their entirety into the proteins of the tissiies-the umiHo 
groups Partsd company from their associated carboxylic groups. Labelled 
leucine fed to an animal might be used in the construction of tissue 
protein which on hydrolysis would yield not only labelled leucine but 
labelled glycine. Those results show that the ammo aads continuously 
interchange nitrogen atoms. Glutamic and aspartic acids, acids appear- 
ing abundantly in cereal proteins but less abundantly in anmrial proteins 
are the most active in this interchange, whereas lysine, which occurs 
to the amount of 6-6 per cent, of human muscle protein and but i-Q 
per cent in the gluteUn of wheat flour,* is a complete exception. It may 
yield up a labelled amino group to another amino acid but it never 
Lcepts one. It is the single indispensable chemical unit which has to be 
supplied as such in the diet. 

The picture we must build up of protein metabolism is one in which 
the amino acids in the circulating blood and tissue fluids are being 
continually exchanged with those forming part of the body tissue 
proteins, some i« tolo (e.g. lysine) and some as regards the carbon chain 
(leucine and histidine) but not as regards the ammo groups. These, too, 

1 For a condensed account ol these experiments and a full list of literature on 
this topic, see Schobnheimer, op. cit. 

»f)uoted by Markack. Food and Planning, 45. 
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may be held to exchange place 5 between the amino acids forming part 
of the tissue proteins and the circulating amino acids. When an animal 
is in nitrogenous equihbrium the equilibrium is not a static but a 
dynamic equilibrium. There is a continual interchange between the 
circulating amino acids and those composing the proteins of the tissues. 

In fact endogenous protein metabolism and exogenous protein 
metabolism fade off the one into the other. All the architectural pictures 
we liave made in the past, of amino acids as Bausteine (building stones) 
and the proteins of the body as permanent buildings must be aban- 
doned unless we push the conception to an extravaganza, in which 
stones and bricks and chimney-pots continuously fly out of passing 
lorries and exchange places with similar objects in the houses on the 
road along which the lorries are passing. 

Ihis rapid, extensive and even violent interchange between circulat- 
ing amino acids and those of the tissue proteins is a mark of life and 
must sink to a lower level of activity if the circulating amino acids are 
few. At what height should this mark of life be set? Clearly tlie inter- 
change cannot be so rapid if the bod\' is at minimal protein intake. The 
dynamism of the proteins of the tissues is at a low ebb when the 
circulating amino acids are not being continuously replaced by the 
products of })rf)tein digestion. Consequently we have to ask ourselves 
whether tlure is any evidence that producing this low ebb of tissue 
rnetaboli.sm is good for one and all. 

Snine of us suspect that the next move in nutrition will be to demand 
a liigher intake of protein. The highest figure recommended was that 
'>1 IV-nedict (125). \ oit’s figure was iiS. The usual text book figure for 
many years was 100. During the 1914-1S War workers in University 
t ollegc, T.nndoii, estimated their protein metabolism at about So. On 
I 111 iow .side we had Chittenden 36, Hindhedc 25, Rose 29. Intermediate 
figures are Schmid’s 60, Susskind’s 63, and Corry Mann’s 60-65. The 
lower ;uid the intermediate figures are minima. Meanwhile the Eskimo 
may take '*50. and such a figure may be accepted as the intake, when 
f'lrfiu; I our paltcolithic ancestors. 

)-< .. i.in intake is dangerous. In the very young it leads to 

anannia, depigmentation, 
..nd often iow semm albumin; in the older to cirrhosis of the 
liMT. in low protein diet enzymes in the liver decrease out of all 
innpurthm to the decrease in protein, > and in the case of amino acid 
M.xidases and transainina.ses tiie change is irreversible. A plentiful 
supply of protein is needful to cowt emergencies, e.g. fractures burns 
damage to the liver by alkylchlorides. (One drj' cleaning material on 
ihc market contains carbon tetrachloride.) King Edward VU's Hospital 

rL ‘w'" ■ -SI also in 

i< port Work at Coonnor rcvK*\\r(l ! a} 7 cr(, (l<i54). i, i i3<i. 


cull, 

o.-di 
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Fund^ asks for a “light” hospital diet with at least loo g. protein, nor 
must we forget the use of high protein, high vitamin diet in eclampsia. s 
The view that high protein promotes dangerous putrefaction of protein 
residues in the colon, and damages the kidneys is clearly ridiculous, for 
if it were so we should never have been here. 

In this country we have been wont to ask that a considerable amount 
of the protein per day should come from animal sources — eggs, milk, 
meat, fish and cheese — whereas in the United States they ask merely 
that the total protein should be at the level of i g. per kilo body 
weight. Both attitudes of mind are reasonable. In the United States a 
poor rather marginal dietary is estimated to contain 227 eggs per year 
and the consumption of milk is high. In Great Britain until the war of 
^939“45 the poor were inclined to go short of eggs and milk, though 
perhaps not so short of meat and bacon. These foods are, and always 
will be, expensive in comparison with cereal foods. Nutritionists^ even 
gave a figure of 37 g. per day as the desired amount. Clearly this figure 
was guess work.-* And during the war our average intake of animal 
proteins was only three quarters of this, and apparently we did reason- 
ably well on this, though it was maintained at the time that recovery 
from illnesses was slower than before the war. 

The Ministry of Health pamphlet which accepted this figure pointed 
out that it was by no means an extravagant figure, for middle-class 
folk took an average of 55 g. per day. This is obvious when we translate 
37 g- into actual amounts of food which contain this quantity, although 
the recommendation to take some animal protein per day has no sound 
scientific basis — for we could conceivably get on quite well with a 
carefully constructed diet containing plant proteins only — we think 
that it has great practical value. The average person is not nutritionally 
trained and knows nothing about proteins and amino acids. Animal 
proteins supplement plant proteins which are often deficient in essential 
amino acids. Animal foods have proteins concentrated into small bulk 
(milk is an exception) whereas plant proteins are often in low ])ercent- 
age, cumbered with much carbohydrate, water and fibre. '1 he proteins 
of animal foods are often accomj)anicd by other important nutrients - 
milk and cheese have much calcium and vitamin A, herring, salmon, 
sprats and mackerel with vitamins A and D and nicotinamide, whercius 
cereals are devoid of vitamins A and D and are poor in calcium. !• inally 
the antipemicious anaemia vitamin, B,2, is found only in association 
with animal foods. Consequently we think it wise to rccommetid th.it 
a third to a half of the total protein taken should come from anini.il 

sources. 

* Annotation in Lancet, (1949), i, 233- 

* Hamlin, R. H. J. (1953), I*toc. Hoy. Soc. Med., 46, }<i3- 

* Criticism and Improvement 0/ Diet. (i933)' H-M S.O. 

* Sijc loth eilii. of this book, p. 84. 
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The following amounts of food contain 37 g. protein. 


CHEESt 


Meat 

A 

Cheddar 

4ioz. 

Bacon, back, A.P. 

11 ^ oz. 

A 

Dutch 

3i » 

., „ fried 

4i M 

Little Wilts. 

4 I .. 

Bacon, streaky. A.P. . 

10 ,. 

Eggs 

5-b 

„ „ fried 

4i .. 

Fish 


Beef, corned, tinned 

4 I » 

Cod, steak, .\.P. . 


„ sirloin, roast, E.f*. 

3S .. 

,, ,, steamed, E.P. 

.. 

„ steak, lean, raw . 

5il - 

Haddock smoked, A.P. . 


,. ,, stewed, E.P. 

3l .. 

,, steamed, E.P. . 

45 M 

.. ., grilled, E.P. 

4 } •< 

Herring. A.P. 

7i .. 

Chicken A.P. 

8i .. 

„ fried, E.P. 

4 I M 

„ roast, E.P. 

3i .. 

Plaice, A.P. 

Hi 

Ham, smoked, A.P. 

9 .. 

,, fried, E.P. 

5i .. 

Liver, calf, A.P. . 

5i .. 

Soft roe, fried 

4i .. 

,. ,. fried . 

3i 

Sole, A.P. 

10 ., 

Mutton, leg, A.P. 

6| „ 

,, fried, E.P. 

5i .. 

., boiled. E.P. 

4 >> 

,, Lemon, A.P. 

Si .. 

„ „ roast, E.P. 

4J » 

,. ,. fried, E.P. 

.. 

Pork, leg, A.P. 

7l M 

Spr«ats .... 

81 

„ „ roast, E.P. . 

4i .. 

,. fried. E.P. 

.. 

Milk .... 

I quart 


If we turn to actual investigations of what is taken we find that men 
who liave no restriction of money to spend on food consume on the 
average 67 g. daily.* Very rarely does the figure fall below 37. 

To sum up this section on the adult male's need for total protein 
we may say that on the average it may be taken as i g. per kilo body 
weight, though there is evidence that some people can maintain efficT 
cncy on less and some apparently seem to need more. Why most of us 
do not take protein equivalent to the wear-and-tear protein loss is 
possibl}^ because life necessitates a continuous interchange between the 
amino acids of the circulation and those of the tissues and this dynamic 
level of interchange varies from person to person. In most countries, 
except perhaps Canada, the U.S.A., New Zealand and Australia, it is 
wise to insist that some of this protein be first-class protein, i.e. protein 
of animal origin. About half the total protein, or approximately 37 g. 
of animal protein per day, represents a figure below which the first-class 
protein should not fall. 

Adult Women. There is naturally less information concerning the 
needs of the adult female. There is no reason to believe that the needs 
of the adult non-pregnant women are proportionally any higher than 
those of the adult male. In fact as her metabolic plane seems to be 
lower than the male’s it might conceivably be less. None the less the 
League of Nations put the figure at the same in proportion to the body 
weight as the males, viz. i g. per kilo body weight, and the National 
I'lesearch Council puts it higher, viz. 60 g. per 56 kg. or i -07 g. per kilo. 

‘ WiDDOwsoN. E. M. {i<)i(>),Jouru. Hygiene. 36, 269. 
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When we turn to the figures collected for this country (in London and 
its environs) by McCance and Widdowson* we find that the average 
protein intake has a value of 67*3 which is rather more than i g. per 
kilo body weight, and that the spread of the figures is great. The 
maximum (90) is more than three times as great as the minimum (28). 
First-class protein on the average was well above the figure of 37 g., 
viz. 46*0. Fifteen out of the 63 women took less than 37 g., but apart 
from the one extremely low figure (9) the majority of the low figures 
were at about 30 g. level. No one apparently has made any suggestion 
concerning the minimal amount of first-class protein necessary for women . 
Ifwe assume her needs to be 0’83 that of a male the figure would be 30 g. 
approximately, if 07, then 26 g. Only 2 women out of the 63 fall below 
the 26 level and only 5 below the 30 g. level. There is little guidance 
here as to what either the total protein or the first-class protein should 
be, but at the most only an indication that middle-class women in 
Great Britain exceed the standards of the League of Nations and the 
National Research Council, and the highly hypothetical standard for 
first-class protein. Looking at the frequency diagrams of protein intake 
by women we see that they, unlike those of the men. do not follow the 
shape of the Calorie intakes, but whether this has any significance is 
uncertain. 

Pregnant and lactating women theoretically need more total protein 
and more first-class protein than the normal. McCance. Widdowson and 
Verdon-Roe* estimate that the total intake of protein in the later 
stages of pregnancy sliould be 90 g. per day. but in the 120 diets they 
collected they found that only the well-to-do classes approached this 
figure with 80 g.. and the others were by no means so high. These figures 
were collected before the war of 1939*45- to be expected that the 
activities of the Ministry of Food in subsidizing the consumption of 
milk in pregnancy and lactation will have improved considerably the 
low intakes found by McCance and his colleagues among the working 
classes, and it is to be hoped that this improvement will continue even 
though prices have risen steeply. 

The League of Nations put the figure for the first three months of 
pregnancy at the usual level of i g. per kilo body weight; from the 
fourth to the ninth month i -5 is suggested and during lactation 2.0 g. 
The National Research Council put the figure at 85 g. per day (i.c. i -5 
per kilo) for the last half of pregnancy and at 100 (appro.ximatdy i -« 
per kilo) during lactation. 3 Until we know much more of the physiolog> 
of pregnancy and lactation we must be content with these figures which 

» McCance, R. A., and Widdowson, E. M. {193d. Journ. Jlygiou. 36. 

* McCance, Widdowson and Vrrdon-Roe. (1938). Journ. Hygiene. 38, 590. 

* Clearly no sudden jump at the filth month of pregnancy and at full term is 
intended, but a smooth grading from the lower figure to the higher. 

Grv 
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represent guesses, but i>erhaps reasonable guesses, concerning the 
amounts of total proteins required in pregnancy and lactation. 

The Protein Needs of Children. Here again we are in as great diffi- 
culties in giving even average figures as we were with women. There 
has been only one large-scale work done to discover the actual intake 
of foods by children, let alone what they ought to take. Before the 
war of 1039-45 Widdowson investigated the intakes of boys and girls 
from the age of i year to 18 years of 916 middle-class children. The 
results were published in 1947.' Children show the same spread of 
protein consumption as they do of Calories. At any age we may find a 
child taking an amount of protein (whether first class or no) doubh* 
that taken by another child in the same age group. There is, in the 
figures, no guidance concerning the necessary intake of any one child 
at a particular age, but perhaps the average figures may be allowed to 
act as a standard of reference, in tliis country at any rate. They repre- 
sent what is done on the average by children of educated well-to-do 
peojde with no reason to stint money spent on food, and so might 
reasonably, for the time, take the place of the scales based largely on 
guesswork. 

Of course one way to study the protein needs of children wouUl be 
to obser\ e their rates of growth on different amounts of protein in the 
diet. This has been done in a small way in the l’.S..\. and apparently 
on a larger scale in the l’.S.S.K.= with children of if., to years. 
2 *3 g. of prote in j)er kilo body weight produces growth only in the warm 
part of tile }'car; 3-5 g. alhiws growth in cold weather but not ojitimal 
growth, 'rhe Russians therefore suggest 4 g. per kilo body weight for 
cliildren fn.un 1-3 ye.irs of age. It will be sufficient to put in parallel 
columns suggested and actually found intakes of children at different 
ages. A graph is ao given, Fig. 0 . 

'1 he first thing v e notice is that the actual intakes of buys and girls 
of the well-t''-do cl.,sses in this country run verv close to the estimates 
of the Xatic ■ il Research Council of the U.S..-\. whereas the Russian 
and League c-l Xati'.)ns estimates are much higher from the age of 10 
onwards. The a\-crage obser\er cannot but be impressed by the co- 
incidence of the .\nuTicaii estimates and the actual findings among 
Iniglish children, and it may remox'e some of the inferiority complex 
over against tlic I from which dietitians in this country quite 

g ^ , .itti le growth of these English children is up 

to tile W oodlniiy, and the Baldwin and Wood standards, and that their 
tliet is as gooil as American dietitians consider it sliould be. In fact it 
might be arguecl tli.it w<- are ivacliing something fundamental here. 

' \SiDDOW'SON, L. M. A oj Cfnhheii's Diita. Med. lies, 

i oiituil Sf'i'cial Repoi! S,-t ii'._ X,, 

- Sic [.lOTCH. 1 ., and 1)1 iKWoKiii, J. Abs (2nd lieticws, 7, 257. 
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Protein Intakes, Estimated and Actual 


Age. 

L.o.N. 

Children. 

Russian. 

Children. 

N.R.C. 

Boys. 

Actual. 

Boys. 

N.R.C. 

Girls. 

Actual. 

Girls. 

I 

34 

39 

40 

37 

40 

3 « 

2 

42 

48 

40 

41 

40 

42 

3 

42-9 

54-4 

40 

49 

40 

4 ^’ 

4 

47-6 

55-5 

50 

52 

50 

50 

5 

43*1 

55*2 

50 

50 

50 

49 

6 

49-9 

58-8 

50 

55 

50 

59 

7 

567 

6 i -3 

60 

63 

60 

60 

8 

62*3 

62-3 

60 

60 

60 

59 

9 

70*8 

70-8 

60 

68 

60 

62 

JO 

77-8 

77-8 

70 

73 

70 

67 

II 

87-3 

87-3 

70 

72 

70 

O4 

12 

94*0 

94-0 

70 

76 

70 

69 

13 

104-0 

108 -0 

80 

79 

80 

72 

14 

119*5 

124-5 

85 

89 

So 

77 

15 

io8-8 

136-0 

«5 

100 

80 

78 

16 

ii8-8 

148*5 

100 

94 

75 

7 « 

17 

94*2 

125-6 

100 

95 

75 


18 

97-2 

129-6 

100 

97 

75 



A comparison of the various estimates of the needs of children for 
protein with those actually taken by middle-class English children accord- 
ing to Dr. Elsie Widdowson. L.o.N. = League of Nations Special Committee. 
N.U.C. =National Research Committee of the U.S.A. 


When growing children in one country take the amounts of fooils 
considered to be necessary by experts on nutrition in a dietetics- 
conscious nation like the U.S.A, there is a temptation to say that this 
correspondence indicates an approach to absolute truth. But scientific 
caution steps in with the consideration that it may be racial make-up 
and pattern of life which determine the likeness of the food intake of tli<“ 
two countries. It is true that racially the United States is no longiu 
predominantly Anglo-Saxon, nor even Anglo-Celt, and their repertoiio 
of foods is much wider and more interesting than that of Great Britain. 
None the less, their racial characteristics arc predominantly European 
and their pattern of life more like our own than like otlicr nations . 

Turning to minor discrepancies, it will be noted tliat the intake by 
boys in this country is above the American figures till about the age of 
15. and so is the intake by girls until the age of 9. This was to be 
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I'lG. 6 . — Estimated and Actual Intakes of Proteins by Boys and Girls. 

expected in view of the fibres for Calories. With the Anglo-Saxon diet, 
more particularly middle-class diet, it is usually found that the protein 
intake runs parallel with the Calorie intake. The English child does his 
eating early in life and therefore takes protein early. \STiether there is 
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any more in this than a reflex of parental solicitude it is for future 
research to show. 

The Calories these English children obtained from protein show but 
a negligible deviation from 12 per cent, of the total Calories all along 
the scale from 2 years to 16. This, however, does not indicate any inevit- 
able “rightness" of this proportion but is a reflection of the constancy 
of the nature of the food eaten. We can, however, take the figures for 
the protein intake after the curves have been smoothed as a standard 
with which to compare the dietary protein of children in the future. If 
their intake is up to this standard then we may accept their diet as 
satisfactory as regards protein, for the growth of these English chiklren 
is up to the American standard and we have every reason for belie^■ing, 
both from the esteem in which dietetics is held and practised in thi- 
U.S.A. and from what we have seen of their manhood during the war 
of 1939-45 that America has achieved a sound dietary. If, however, a 
child's intake is not up to this standard but there is no reason, such as 
lethargy, pallor or anaemia for assuming that the child is not fit, 
dietary standards should be forgotten. 

We have said nothing so far about first-class protein for chiltlren. \V e 
have quoted with approval the plea for including some first-class 
protein in the diet of the adult. How much more is it necessary for 
children who are continually adding protein to their bodies? 1 hey are 
not merely replacing "wear-and-tear” losses of protein, but manu- 
facturing new human proteins especially in the first year of life and 
during adolescence. Theoretically, the growing child (like the convales- 
cent from a wasting illness, the pregnant and lactating woman, and the 
athlete in training) should have a higher percentage of animal protein 
in his total protein intake than the adult who has finished growing. 
Even Terroine,^ who has stated a case against the academic figure of 
37 g. of animal protein, admits that children need more first-class 
protein in proportion than adults. He claims, with some considerable 
support from experimental data, that the biological value of proteins 
for growth differs from their value for maintenance, and Ihougli lie 
pleads for a peasant diet for the adult with only a suspicion of meat and 
niilk to make it palatable, he allows the growing child more of th<? 
first-class proteins, Schoenheimer's work on labelled amino acids points 
out the particular case of lysine* which must be presented to the body 
preformed. If we argue that this amino acid is indispensable in tlie 
D'anufacture of protein we emphasize the need for animal protein in 
the young. There is 6 -6 per cent, of lysine in human protein, 7-6 per 
cent, in the chief protein of milk, 5-0 per cent, in egg protein and only 

^Tbrroinb. (1936), League of Nations Quarterly Bulletin. 

*The unique position of lysine among amino acids is brouglit out by work on 
lU metabolism by Neubrrcer and Sancek. (1944), Biochem. Journ., 3®» >*9- 
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0 *2 and I -g per ceirt. in the proteins of wheat. Therefore the argument 
suggests that to manufacture human protein rapidly it is much better 
to use milk and eggs than wheat proteins. In this we completely concur, 
but the argument can be carried too far. 

A child puts on 2 or 3 kg. body weight per year until he reaches 
puberty. Let us take the higher figure. About | of this is water, so the 
solid material added will be i kg. Let us assume that this is all human 
protein, neglecting the laying down of fat and manufacture of bone. 
1000 g. per year is 2-8 g. per day. Making the very low estimate of 50 
for the biological value of the first-class protein eaten we see that the 
e.xtra first-class protein needed per day for growth of the child is, on 
the most extravagant tlieoretical estimates, but 5-6 g. a day — the 
protein to be found in less than ^ of a pint of milk! 

In our present state of ignorance about protein metabolism in the 
young we had better content ourselves witli the vague statement that 
cliildren need more first-class protein in proportion than the adult and 
urge that tlie efforts of the Ministries of Food, Agriculture, Health and 
I-.dueation, whicii iiave resulted in an increased consumption of milk 
during tile war be continued and further strengthened. It looks as 
though the extra needs of children for first-class protein for growth can 
easily be covered by the j>int of milk a day wiiich, in this country’, is the 
goal of dietitians,' (In the U.S .A. it is a guart or about Englisli 
pints.) 

Summing up the paragraphs on tlie i>rotein needs of children, we 
see that the estimates of different authorities disagree. Curiously 
enough tlie .•\merican figures, except at i year of age and from 4-6, 
are the least generous. Tlie Russian figures arc the most generous from 

1 S .md again during adolescence, .\ctual data, and not mere estimates, 
colli.-ted by Widilowson in this country of the diets of giG cliUclrcn 
gi\-e results which 011 the average closely apjuoximatc to tlie American 
otimates. They are slightly above at most ages except those of adoles- 
' ' ''CO, It is suggesti'd that until wo know mucli more about metabolism 
in (he young we accept the English figures as our frame of reference in 
this country, ratlier than “estimates” by lu)wever competent people. 

l urning to the needs for lirst-elass protein we see that the theoretical 
needs of childien for e.xtra lir^t-cla.ss jirotein for growth when put on 
a numerical basis are smaller than might be expected and should easilv 
be covered hy a pint of milk per tlay. 

Sources of Protein. I'.efure wo close tliis chapter there are a number 
of practical considerations to be discussed in applying what we know 
about proteins to dietetics. The first is the source of protein in foods. 

' cluMren .,f ii,o .niUcUc classes in I•:Il^]and take on the averacc 
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Very few foods other than sugar and lard and other frying fats arc 
totally devoid of protein. That is obvious from their origin. But that 
does not mean that we can rely on any food, with those exceptions, for 
our daily ration of protein. With the exception of milk it is a safe rule 
to take only those foods which have 10 or more per cent, of protein. If 
we include foods with less than 10 per cent, as a source of protein wc 
encumber the alimentary tract with much bulk. We smile at an earnest 
student who proclaims a diet of bread and butter, jam and tea as 
satisfactory because of the animal protein in the butter, but are gui t\ 
at times of a similar mistake. Thus the pulses— dried peas, beans, and 
lentils — are recommended by many dietitians for their protein content. 
It is true that uncooked haricot beans have 21*4 per cent, of protein, 
but they are inedible in that form. When cooked they have but > 
per cent, and have far too much bulk to be used as the sole source o 
protein. To obtain even 37 g. of protein from cooked pulse we s ou 
have to eat about lb., and then we should have obtained on y 

540 Calories. 

The rule of counting no food a protein food unless it has 10 pei 
cent, of protein excludes all leaf, root, and seed vegetables aiu a 
fruits, even though leaf proteins have an excellent biological value 

(Chibnall). It includes eggs (ii per cent.), most fish (9-15 
purchased), meats (11-17 per cent.), soft cheese {over 20 per cen .). aiu 
hard cheeses (25-35 cent.). Cooked fish vary from 17 to 24 per cen 
and meats 20 to 32. Pure vegetarians having had tlic grounc nis 
drastically cut from under them, may put in a plea for nuts in 
the figures run as high as 31 (pine kernels) and 28 (peanuts). use 
can be eaten raw and even when cooked contain a large atnoun o 
protein. But we must point out that nuts arc not easily digestible, nor 
are their proteins of good biological value. Unless some iinforcscm .uu 
radical change occurs in our ideas concerning the amount 0 P^^ 
necessary per day, we shall have to give pride of place to oot s o 

animal origin. , * 

When should the protein foods be taken during the day. e canno 
avoid taking some protein at each meal, but should there be .1 inea m 
which the emphasis is on protein? It used to be the custom in our pu > ic 
schools many years ago to crowd the animal protein, mainly as inca . 
into the midday meal, and let breakfast and sujipcr be main y car^ 
bohydrate and fat. This almost certainly involved the waste of a large 
quantity of Calories due to the specific dynamic action of the protein. 
If protein is taken in smaller amounts throughout the day t le sp<ci ic 
dynamic action is not so marked, so that the rule little and o tn wi 
adequate amounts of carbohydrates at the same meals is <i prae u.. 


* In fairness to the vegetarians it must be that a high bn .kI iliet, I 
with milk, eggs and chcc^e, is a high protein diet. 
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rule, followed by most people of the well-to-do classes, which has 
theoretical backing. 

That carbohydrates should accompany proteins in a meal has been 
clearly demonstrated by Cuthbertson and Miinro.^ In their experiments 
four meals daily were given, and these were alternately carbohydrate 
only or protein and fat. The carbohydrate meals consisted of cooked 
corn starch and sugar. In such a diet the carbohydrate was almost 
complcteb' separated by some hours from the protein. Even though 
8o to 100 g. proteins and Calories from 2700 to 3400 per day were 
taken, the subjects of the experiment lost all the nitrogen of the protein 
eaten plus some extra nitrogen which could only have come from the 
tissues of the body, probably the muscles. In other words, unless 
carbohydrate. acco}nl>amcs protein in the diet the cater might as well starve 
for protein. It is essential that some of the protein — say one quarter — 
should be associated with carbohydrate. Otherwise it is useless for 
body building. 

This lias been confirmed for animals as well as for man. Also it has 
been found that amino acid mixtures and protein digests arc useless as 
tissue builders if they are not giyen accompanied by glucose.* 

W'l'ight reduction could he accomplished by separating the car- 
bohydrates and proteins in a diet, but it would clearly be dangerous, for 
a person on such a ngimen woul.l be liying on his own tissues — 
debilitating himself by using up his muscles. 

The explanation of the results of their interesting experiments 
given by ('utlibertson and Munro has resolved a problem which must 
have jmzzled physiologists for forty years. Proteins are digested to 
amino acids in the small intestine and are absorbed as such into the 
blood. Tliis blond passes directly to the liver which contains, among 
otiicrs, potent ferments called deaminases. These proceed to eliminate 
the nitrogen from the amin«> acids and therefore make them useless for 


body building. Ibis apj'ears to be a most ingenious plan for preventing 
ll»e tissues of the body from ever getting any amino acid from which to 
synlliesi/.e ])rotiin excejit the ones which the liver had not time to 
metabolize. In fact it seemed to be a d.angerous mechanism. Ciithbert- 
son and Munro suggest tliat glucosi- derived from tlie starchy and 
sugary foods tif the meal ilepresses the activitx’ of the deaminases, wliich 
can only ellect tluir devastating purposes in the absence of carbo- 
hydrates from a nual containing protein. 

We Iiavc seen above iliat tluro is a case for taking definite amounts 
of total ]>rotein and animal jirotein per day. Do these bear any fixed 


* CuTiiBKRTSON and Mr.NRo. Biockem. Jouru., 33, I’S. 

■ T ohservati-.ns slumld r.nc<- an.l for all t;ivo the <]uu-tns to a once fashion- 
.vlitc ilu l which furhaiK- Uu- t.ikitii* of with nuat, bread with chccsc, or 

.a int al course followed by a i.irinacouus }>udding. 
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ratio to the fats and carbohydrates of the diet? In the past a suggested 
ratio of I : I : 4 for these component parts of a diet crystallized almost 
into a dogma. We may say at once that there is no evidence from the 
history of, and observations on, mankind that there is an}^ sacrosanct 
ratio. The reason for maintaining a diet similar in its protein content 
to the normal British diet, i.e. one in which the protein yields from 
10-12 per cent, of the Calorics, is mainly economic. A dense population, 
and therefore a civilization as we understand it, cannot be maintained 
upon a high protein diet. It takes many more acres to produce protein 
than to produce carbohydrate. A dense population first became possible 
when the value of cereals in diet was realized and exploited. Even dairy 
fanning cannot by itself support so dense a population as wheat 
farming. 

Such considerations make us realize the extraordinarj' latitude of 
diet which the human body tolerates. In the days of the cave man, diet 
must have been predominantly protein; in the more recent days of 
nomadic existence the diet was still largely protein; in modern times it 
has swung over to being predominantly carbohydrate. Among different 
races in modem times the percentage of calories obtained from protein 
may vary from 40 per cent. (Greenland) to 8-9 per cent. (Java), and 
while we may consider the latter unduly low. the former is not danger- 
ously high. Even in England, with all the pre.ssure of custom to fix the 
ratio, it may swing from 8*3 to I9’3*’ l^ng as the relation of protein, 
fat, and carbohydrate is such that the fat in gross amount does not 
rise above the relation expressed in the e<juation 

^ P 
F-2C+^. 

when ketosis may occur, wc may adopt a diet of almost any relation 
between the main constituents. The most we can say is that if there 
is an optimum ratio wc do npt know it yet. 

A final point for discussion is whether among the proteins any one 
has a particular virtue apart from the high biological values of the 
animal proteins. Wc arc thinking more especially of moat. It holds such 
a high place of esteem in the minds of most of us from, it is said, a 
pre-eminent statesman to the man in the street. 2 Meat, it is thought, 
makes for muscle and energy. By common consent among the working- 
classes of this country the breadwinner gets the lion’s share of the meat. 
In the now obsolete system of diet of the rowing man, in vogue when 
the authors were undergraduates, the subjects of the r(!'gime were told 
to cat huge meals of meat and then “work it into the system” by 


» WIDOOWSON, E. M. (1936), Journ. Hygiene, 36, 269. 

* This is by no means confined to the Hritish. According to a manager oi tin 
mines in Nigeria, the natives will do almost anything to obtain meat, even il it be 
only the fiesli oi rats and lizards. (Private communication.) 
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arduous exercise. So far as we can see, there is nothing but prejudice in 
favour of the view that there is anything which places meat, in so far 
as the protein it contains, in a position apart from the other protein 
foods. The reasons for curtailing its consumption are economic rather 
than dietetic, though there is evidence that meat is contra-indicated 
in some forms of dyspepsia. 

Hut there is one circumstance in which it is theoretically wise to cut 
down meat, and other sources of first-class proteins, viz. in hot weather 
and hot climates, particularly hot cUmates which are humid. Animal 
proteins have a higher specific dynamic action than vegetable proteins; 
moreover, most of the sources of animal protein have a fairly high 
concentration of protein whereas vegetable sources have not. Con- 
sequently it is easy to liavc a surplus of protein at a meal when meat is 
eaten, but not so easy when vegetarian foods are used, and the specific 
dynamic action of protein has thus a good chance to show itself when 
animal protein forms the main part of a meal. The difficulty in hot 
humid climates is to get rid of this inevitable waste heat and so it 
might plausibly be argued that meat eating be cut down with advantage 
in such climates, but on examination this argument is not unassailable. 

The lowering of the specific dynamic action of protein in cool sur- 
roundings and its raising in warm surroundings was observed in 
animals. Man by his clothing and bv his housing accommodation 
maintains a tropical climate next to his skin. Consequently the specific 
dynamic action of protein will have its full effect wlrether the shade 
temixrature is high or low. None the less it might he well in a hot 
hnmitl climate to reduce the protein to the minimum necessary and to 
spread it throu/hout the day, and not to take it all at one meal. If, 
lu)wever. the nights arc cool in a hot climate the concentration of the 
]irotein into the evening meal would not matter so much, for the specific 
dynamic action would not be in evidence till 3 to 6 hours later. To have, 
howe\ cT, a large ]>rotein meal at midday would involve an outburst of 
heat in the late afternoon at a time when the thermometer is at its 
highest. 


In view of tlu' fact that proteins supply only 10-12 per cent, of 
the Calories fif a diet, it might seem that the suggestions in the last 
I'aragraph arc pushing hypothesis loo far. Thus if all the protein of the 
day's diet were taken at S p.m. its maximum specific dynamic action 
(37 per cent.) would entail a surplus production of 152 Calories. This 
would ]>robably be evolved from the body between ii p.m. and 2 a.m., 
i.e. at the rate of 50 extra Calories per hour. As the normal rate when 
resting will be above the basal metabolic rate of 70 Calories per hour 
anfl below 125 per hour (3000^ 24), the extra Calories due to the specific 
dynamic action of the j)rotein would cause an increase in the rate of 


evolution of heat by 40 to 70 per cent. 'I bis 


certainly is a large increase 
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and where there is difficulty in eliminating excess of heat, i.e. where 
the nights are hot and humid, experience may prove that a heavy 
protein meal in the evening is unadvisable. It must be admitted that 
custom in the hot humid climate known to us flouts theory. 

Summary. As proteins are the main architectural element in living 
protoplasm and as the body cannot synthesize proteins from simple 
inorganic substances, proteins are essential in diet for growth and re- 
pair of the body. Proteins are complex chains — condensation products 
— of simpler organic compounds, amino acids, of which there are twenty 
or more examples in most proteins. There may be 250 molecules of 
amino acids in any protein and therefore some of them must be repeated 
more than once, indeed many times. Proteins differ from one another 
according to the number, nature, proportion and arrangement of their 
constituent amino acid. Some food proteins are better body builders 
than others, because the amino acids composing them are like those of 
the human tissues in number, nature and proportion. (Arrangement 
does not matter because before they are used by the body they arc 
digested to their component amino acids.) Such proteins are said to 
have a high biological value, and the proteins witli high biological 
value are those of milk, eggs, meat, fish and cheese. 

It is therefore considered wise to have some proteins of high biological 
value in the diet every day. How much is uncertain, but there is a 
provisional estimate for the adult male of 37 6 - day. Many did not 
reach the level during the war I939*"45- How much the total protein 
should be is also uncertain. Again provisionally it is fixed at i g. per 
kilo body weight. In practice there arc large departures from this 
suggestion without any disease. 

Pregnant and nursing women need more protein than the non- 
pregnant. The League of Nations estimate is to increase it by one-half 
in the later days of pregnancy and by 100 per cent, during lactation. 
American estimates are lower. In practice their recommendations are 
rarely achieved. 

Proportionally to their weight children need more protein than 
adults and theoretically more first-class protein. The estimates given 
by different groups of dietitians differ markedly from one another, 
the Russian figures being greatest during the first few years of life and 
during adolescence. Until the third decade of this century no one has 
collected data of children's intakes on any large scale and the results 
prove disconcertingly variable. The average figures for the protein per 
day collected by Widdowson are suggested as a scale of reference for 
children in Great Britain, 
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THE FUNCTIONS OF FOOD (continued). 

(Ill) THE SUPPLY OF ELEMENTS OTHER THAN 
CARBON. HYDROGEN, OXYGEN AND NITROGEN 

So far we have dealt mainly with substances in food usually studied 
by organic chemists — the proteins, fats, and carbohydrates. It is 
necessary now to turn to the supply of the elements usudly studied by 
inorganic chemists. They are often referred to as the mineral con- 
stituents or mineral salts in the diet. This is wrong. Sulphur, for 
example, enters the blood stream as part of an amino acid. Sulphur in 
the form of mineral salts is absorbed with difficulty and excreted 
unchanged. The cumbrous phrase of the title shows what is meant, but 
for practical purposes we shall call them mineral or ash elements. 

We can best realize their importance by reference to the amounts of 
these elements which enter into the stnicture of the body. The follow- 
ing amounts of inorganic materials arc found in the body of an adult 
man of 70 kilogrammes weight (—11 stone approx.): 


Calcium . 

. 1050 g.i 

Cobalt . 

. a trace 

Phosphorus 

700 

Silicon . 

* 

Potas-sium 

245 

Aluminium 

. mere traces 

Sulphur . 

175 

Arsenic . 

* ** 

Clilorine 

105 

Boron . 

* f* 91 

Sodium 

. 105 

Copper 

* 99 

Magnesium 

35 

Fluorine 

* 99 99 

Iron 

2-8 .. 

Nickel 

99 99 

Manganese 

• 0-21 ,, 

Zinc 

* 19 91 

Iodine 

0*028 




It will be seen from this table that at least 19 elements enter into the 
composition of the body though in very different amounts. It must not 
be thought, however, that the order of magnitude indicates either the 
order of their importance or gives a clue to the amount necessary in the 
daily diet. For example, there is much more potassium in the body 
than sodium, yet we need a much greater intake of sodium than of 
potassium per day. There is but a small amount of iodine in the body, 
a trace of cobalt and mere traces of copper and zinc. Without the iodine 

* Analyses by Sherman and others. AIcCollum and associates in The Newer 
Knowledge 0/ A utrilion, 5th edn.. put the figure for calcium at 1400 to 2000 g. 

90 
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life would be impossible and the "mere traces of copper and cobalt 
are essential in making the h^Emoglobin of red blood corpuscles and of 
zinc, in the manufacture of insulin and of carbonic anhydrase. It is 
possible that we could dispense with the traces of aluminium, arsenic, 
boron, and silicon, though this is by no means proved. Fluorine in minute 
amounts makes for hard enamel in the teeth. 

The functions of these elements are twofold. They enter into the 
structure of the body and they aid in catalysing the reactions of the 
living body. Thus the spectacular amounts of calcium and phosphorus 
given in the table go to make up the solid structure of the bones and 
teeth, which account for one-fifth of the weight of the body. Iron is an 
integral part of the colour-bearing nucleus of the haemoglobin. Phos- 
phorus is indispensable in cell nuclei, in nerve tissues, in enzymes and 
important food proteins. Sulphur is present in practically every protein 
and more particularly in those of the skin. Potassium is essential to 
cell activity. Magnesium enters into the composition of the bones, and 
the muscles and the other soft tissues of the body contain magnesium 
in greater proportion than they contain calcium. Depletion of mag- 
nesium leads to tremors and convulsions in animals and possibly man. 

These elements may be used for catalytic as well as for structural 
purposes. Thus traces of ionized calcium salts are essential for the 
maintenance of the activity of the skeletal, cardiac, and unstriped 
muscles of the body. So essential is the maintenance of the correct 
amount in the blood (about 8-10 mg. per 100 c.c.) that a set 0 four 
glands, the parathyroids, have that function deputed to them. Should 
there not be sufficient in the food to keep that quantity normal, tliese 
glands mobilize calcium from the bones to tide over the emergency, 
and if the deficit of calcium is long continued a condition of tetany 
supervenes. Phosphorus, as phosphates or pyrophosphate, in combina- 
tion with thiamine and nicotinamide, acts as a catalyst in carbo- 
hydrate metabolism and is essential in combination with creatine in 
initiating muscle contraction. In fact, wherever there is active meta- 
bolism in progress the presence of phosphorus as a catalyst is suspected. 
As a phosphate it is utilized in buffering, i.c. modifying the hydrogen 
ion concentration of the plasma of the blood and of the red corpuscles. 
Also it is utilized in the secretion of an acid urine from an alkaline 
blood plasma. Sulphur in glutathione is important in catalysing 
oxidation in the tissues. Copper catalyses the manufacture of luemo- 
globin and manganese and cobalt aid in this or similar processes. 
Four iodine atoms are present in thyroxine, a secretion of the thyroid 
gland, which catalyses the metabolic processes of the body. Thus 5 mg. 
of thyroxine, containing about 3-6 mg. of iodine, injected into the body, 
raise the basal metabolic rate by 40 per cent. Zinc, as we have said, 
may be essential in formation of insulin, the internal secretion of the 
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pancreas, which catalyses carbohydrate metabolism. Zinc also is a con- 
stituent of anhydrase, an enzyme found in the red blood corpuscles, 
essential in respiration. 

These facts illustrate the importance of obtaining a sufficiency of 
various mineral elements in the diet. The elements to be considered 
are the metals calcium, magnesium, potassium, sodium, iron, cobalt, 
manganese, copper and zinc and the non-metals fluorine, chlorine, 
iodine, sulphur and phosphorus. Some are needed in large amounts and 
some only in traces, whence they get the name "trace elements". 
Among these "trace elements" are cobalt, manganese, copper, zinc, 
fluorine and iodine. Convenience and not chemical order has dictated 
the precedence of these substances in the sequel. 


Calcium 


This element enters into the composition of bones and teeth as the 
phosphate and carbonate. There is evidence that these two compounds 
arc associated as they are in the mineral apatite. It is absorbed, prob- 
ably in inorganic form in the small intestine and this absorption is 
aided by the presence of vitamin D in the diet. How the vitamin works 
is obscure. It is known that the hydrogen ion concentration of the 
contents of the small intestine increases in the presence of vitamin D, 
and this has led to the supposition that to increase the acidity in that 
organ is the function of that vitamin. Calcium salts are much more 
soluble in acid media than in alkaline. But that cannot be the only 
e.\j»]anation, for calcium in the presence of vitamin D is well absorbed 
rven when the small intestine is rendered alkaline b}' large doses of 
alkali. I The calcium circulates in the blood, in the plasma of which it is 
present to the amemnt of about lo mg. per lOO c.c., and is presumably 
ilepositcd in the bone ami the excess e.xcrcted in the urine. The tradi- 
tional belief that excess of absorbed calcium over the needs of the body 
is re-excreted into the colon is almost certainly false. 2 All calcium in 
the fxccs is calcium which has failed to be absorbed or has passed into the 
gut in the digestive juices, .‘\nything which hurries the food along 
the intestine, such as purgation or the use of large quantities of rough- 
age, is inimical to the absorption of calcium. Mculengracht^ has 
described a ca.se of se\’erc dejflelion of the calcium of the bones (osteo- 
porosis) which he thought was the result of prolonged daily purgation 
with sulphates. Phytates which form insoluble salts with calcium 
prevent the absorption of that element.* Excess of phosphates and 


1 


(i., 

M. CVNCR, R 


ami Oakley. G. (193S). Arch. Dis. Child.. I, N.S., p. i. 

A., and Wiohovvson, 1 C. M. (1030), Biorheni. Jount.. 33, s- 3 - 


iitnccl. (103s). 2, 774 


M< < ANTE. K, and \S ii>r>o\vsoN, K. M. (1042), yofinr Bhvsiol.. loi, 304. 
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unabsorbed fatty acids, as in coeliac disease, chronic pancreatitis, 
fibrocytic disease of the pancreas and sprue, work in that wa)-. If 
calcium in the food is in the form of a phytate (calcium magnesium 
inositol hexaphosphate) it will not be absorbed. Calcium oxalate (e.g. 
in spinach) is not absorbed. i While 90-100 per cent, of the calcium of 
skim milk, and from 80-100 per cent, of that in green leaves of the 
cabbage and its allies is absorbed, only 15-20 per cent, of that of spinach 
is available. 2 

To ensure absorption, the diet must contain available calcium, such 
as that in milk and cheese, and vitamin D must also be present. A low 
calcium diet is of more use to the body in the presence of vitamin D 
than a high calcium intake in the absence of that vitamin. 

The lack of calcium in the diet leads to osteoporosis of the bones, 
and the lack of vitamin D calcium and phosphonis to rickets and to 
osteomalacia, which is almost certainly adult rickets. The power of 
forming new bone is not confined to the young. According to Roholm, 
quoted by Lcitch,^ workers who have been forced to leave their em- 
ployment in a cryolite factory on account of deposition of calcium 
around the bone show the deposits well organized as normal bone when 
examined post-mortem years later. Mculengracht and Meyer, also 
quoted by Leitch, give examples of men and women verging on old 
age who were able to manufacture new bone on treatment with calcium 
and vitamin D. They had suffered for years with “rheumatic pains” 
which did not yield to treatment till osteomalacia was diagnosed and 
they were treated for that complaint. It is possible that the fragility 
of the bones of the aged and some of their “rheumatism” are due to a 
prolonged deficit in the diet of calcium.* The condition called senile or 
spinal osteoporosis, in which the vertebra: contain much less calcium 
than usual and arc liable to undergo crush fractures, has a different 
pathology from osteomalacia, since there is no osteoid material pre- 
sent.* It cannot therefore be caused by lack of vitamin D and its 
causation is still unknown,® though it seems probable that a long- 
continued lack of calcium, phosphorus and perhaps vitamin C may be 
responsible. The final report of the League of Nations Technical 
( ommission on nutrition calls attention to the disappearance of 
rheumatoid pains in pregnant women on treatment with calcium and 

‘ I-'airdanks and Mitchem.. (1938), Journ. Nulril., it, 79. 

2 KuNG, Yeh, and Ai>oli>h. (1938). Chin. Journ. Physiol., 13, 307. 

» Leitch, I. A’«/. Abs. and Rev. (1937), 6, 553. 

* Lyall, a. (1944), Proc. Nulr. Soc., l, 143. 

* liURROWS, G., and Grahau. (1945). Quart. J. Med., N.S. 14, 147. 

® Sex hormones apparently are needed, in addition to calcium and vitamin D. 
Cooke, A. M. 1955, Lancet, i, 877 and 929. See below, p. 54O. 
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vitamin D. Maxwell.* late Professor of Obstetrics and Gyniecology in 
the University of Peiping, often had to perform Cssarean-section on 
women wth osteomalacia resulting from lack of calcium and vitamin 
D in the diet. The babies of these patients also suffered from foet^ 
rickets. He thought that the intense acthnty of the feetus in utero in 
such women was the result of a tetany due to lack of calcium and 
vitamin D. The diet of the Chinese is notoriously deficient in calcium. 
Though European diet is better suppUed there is evidence of a deficit 
Wc ha\-e as proof the sur\'eys by Orrs and Crawford and Broadleys and 
the fact that Stettner* finds a very high percentage of the children of 
the hospital class with osteoporotic bones at all ages, with a minimum 
at 3 years of age. and that osteoporosis also occurs in middle-class 
children. Calculations by the students of King’s College of Household 
and Social Science {now Queen Elizabeth College), showed that in 
war-time and upon war rations it was possible by careful purchase of 
calcium-containing foods and making use of all priorities to obtain 
calcium up to the assessed requirements except during adolescence.^ 

There is obvious reason, tliereforc, for estimating the need for 
calcium of people of all ages, for many people in all parts of the world 
are in danger of obtaining too little. The minimum amount for main- 
taining balance of calcium in the adult has been obtained in a similar 
way to that used for protein. It is not sufficient to take the lowest 
amount of calcium in the food which just balances the loss of calcium 
from the boily in the excreta, for both positive and negative balances 
may occur on quite a large or small intake. 1 his is due to mobilization 
from the bones by extra parathyroid activity or to deposition of 
calcium in the bones under the influence of vitamin D. 

Tile figure obtained by Leitch« is 550 mg. per day. If, as seems 
reasonable, we allow a 50 per cent, margin for safety, we reach a figure 
of 8 z 5 mg. per daj-. There are certainly many people who do not attain 
that figure, though the average figure in the 63 men investigated by 
Widiiowson was 870. In the women it was 630. It may be that the figure 
of 825 mg. is too high. Sherman suggests 680. But whatever the truth 
may be we can be sure that our needs for calcium will be easily covered 
if wo increase the consumjilion of milk in this country to the level the 

5 Maxwell. (1923). China Med. Joiint., 37, 625; (1924-5), Proc. Roy. Soc. Med., 
jS, 48; Jouru. Obsl. aud Gyntrc. Bnt., Evip,, 32, 433; Maxwell and Turn- 

hill. (1930). Jouru. Putl:.. 33 r 3 - 7 ; (^ 935 ). Med.. 2S. 2(^5. 

- Oku, J. 13 . (1936), I'CoJ, HeuUh, and lucovte. Macmillan & Co. 

•»Cu2\wKL‘Rn and l>i«».\DLf:Y. (193S), Th^ PcopU*s Food, Heincnuiiin. 

^ SiKTTNLR. (1931). Zcit. f. lunderhetlk, 51, 435, and 1932, 52, 1. Quoted by 
l.cilch. 

^ Toud. (1034), Jouru, Home Econ., lb. (>05, quoted by McCollum, Orent- 
und L)av. (193';). .Wucr l\ftoxoU\ige of Sutntiou, states that osteo- 
porosis IS coinmnn m adolescence in the I’.S.A. 

^ Llitch, I. (1037). Xui. Abs. and AVe.. 6, 533. 
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dietitian demands, i.e. at least i pint per day. One pint of milk contains 
680 mg. of calcium. 1 

Pregnancy, in its last three months, entails an increase in calcium 
consumption on the part of the mother. Otherwise lier bones will be 
depleted to make good the needs of the foetus when its bones are 
ossifying. Maxwell gives evidence from his experience in China that 
earlier pregnancies so deplete the skeleton of the pelvis that in later 
pregnancies it is deformed and the infants have to be delivered by 
Caesarean-section. It is possible that the funnel-shaped pelves seen 
in this country in multipara of the poorer classes are due to such loss 
of calcium. 

The main work on the calcium needs of women in the last 2\ months 
of pregnancy we owe to the Toveruds^ of Oslo. They investigated the 
calcium of women during that time in a small maternity hospital 
which preferred to have the mother in hospital throughout that period. 
Making assumptions based upon analysis of the bones of prematurely 
still-born children they could, by analysis of the food and the calcium 
excretion of the mother in the excreta, discover whether their women 
were in positive or negative calcium balance. At first they could never 
obtain a positive calcium balance on the diet usually served in the 
hospital. They then altered the diet, increasing the amounts of milk, 
cheese, and green vegetables, and adding cod-liver oil in the winter 
months and still could not obtain a positive calcium balance till they 
brought pressure to bear upon the women to take the new diet. Then 
when the calcium intake rose to the high figure of 1-6 g. per day they 
were able to establish a positive balance. 3 Such a figure we must tlicre- 
fore take as a requisite for women in the last months of pregnancy. 
Similar results have been obtained in the United States.* One con- 
firmatory piece of evidence is that X-rays showed the bones of the skull 
and the long bones of the child w'hen born to be better calcified when 
the mother had had a diet satisfactory in calcium than when she had 
not. The figure of 1-6 g. has been accepted by the League of Nations 
Technical Commission and by most who have investigated the subject. & 

^ In fact, according to experiments on undernourished diildrcn by K. A. 
McCance and li. M. Wiudowson Special Report 287, 1954)1 clue/ 

value of milk in nutrition i& in supplying calcium. 

* Kirsten and Guttorm Toverud. (1931), Acta Padialrica, 32, Supplement II. 

3 A simpler method might have been to double the dose of vitamin D. 

* E.g. in Cooks and HuNbciiER and also by Macy and associates. (1930). See 
y. Biol. Chew., 86, 59, and (1931)# 90, O75. 

* The observations of Graham. G.. and Oakley. W.G. (1938). Arch. Dis. Child., 
N.S. 1 . I. in cases of renal rickets showed tliat a positive calcium balance can be 
obtained with i g. of calcium when large doses of vitamin D — 3000 to Oooo 
I.U. — were given. These experiments suggest that it may be unnecessary to giv<* so 
large an amount of calcium as 1 *6 g. if larger amounts of vitamin 1> are added 
to the diet. 
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Of the 120 pregnant women investigated in this country one only 
reached this optimal figured She belonged to the well-to-do class and 
owed her high calcium intake (i 75) g. mainly to the large 
quantity of milk taken (37^ oz. or nearly i quart.) 17 took over i *0 g. 
per day and in most cases this was due to a high milk intake. In only 
one case did cheese partly account for the large amount taken. If the 
estimate we have accepted be correct, the majority of the women 
investigated must have been depleting their bones of calcium or would 
deplete it, according to the stage of pregnancy they were in, if they 
continued on this regime. 

Laclation also involves a strain upon the maternal organism. Assum- 
ing a secretion of il litres of milk per day with a calcium content of 
0*32 g. per litre, we get a loss per day of 480 mg. of calcium. This plus 
the normal dailj' need will demand an intake of at least 1160 mg. or 
a (piantity found in about li pints of milk. Should the milk secreted 
contain still greater amounts of calcium, and figures are quoted by 
Leitchs up to 072 g. per litre, the intake of calcium will have to be still 
further increased. \ quart of milk per day w’ould not cover such an 
output. 

The calcium iwals of infants can be calculated from a knowledge 
of the relation of weight of skeleton to the body weight and the calcium 
content of the skeleton. From the records we have, we gather that a 
figure of 8 g. of calcium per kilogramme body weight represents the 
calcium of the body at birth. To maintain, but not to increase this 
j)roporti<in, the retentions for the first six months of life would be 104, 
2^8, 200, IQ 2 , 176, and 135 mg. per day respectively at a moderately 
slow rate of growth. The retentions observed on babies of the working- 
class (]uoted by Lcitch, are actually below these figures, so that, if the 
assumptions made are correct, the bones of the babies will be less 
ossified at six moi' • , ^ tluin at birth. Only if the yields of mother’s milk 
are above 175 c.. r kilo body weight of the baby and the milk 
contains over 0 3 jnr mille. of calcium are the retentions of calcium 
liki'ly to be (mough to cover the baby’s needs. 

With cow’s milk a sufficient retention is more difficult to obtain 
l)eca'ise though th'- calcium content is high the curd of cow's milk is 
ilifi lit to digest. IVeatment of the milk with acid or with calcium 
eh ii !e and feeding it to the l)aby along with cod-liver oil overcomes 
ih ditiiculty of digestit.n and absorption. Iowa pediatricians^ claim by 
tlu'se means to have obtained retentions in e.xcess of those necessary to 
maintain the skeleton as well calcified as it is at birth. 

Similar calculations can be made for children over the age of one 


‘ McC.\nce. Wjddowson, ami \'erdon-Koe. (193S). Jotirit. Ilygienf. 38, 596. 
- I.ia rcu, I- (i'.» 37 )» (ind Itev., 6, 553. 

3 Ji'ANS. (1033). Aitier. fourn. Dis. Child, 44, 69. quoted by Lcitch. 
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year. We give the figures obtained 
ments of boys at different ages. 

mg. per day 

as a guide to the calcium require 

mg. per day 

O' 5 -i 

• 785 

9-10 


1000 

1-2 . 

. . 702 

lO-II 

• 

1267 

2-3 • 

■ 734 

11-12 

• 

1375 

3-4 • 

• 737 

12-13 

♦ 

1341 

4-5 • 

. . 650 

13-M • 

• 

1494 

5-6 . 

• 849 

14-15 • 


1381 

6-7 • 

. 845 

15-16 . 


1937 

7-8 . 

. . 890 

16-17 . 

• 

1841 

8-9 . 

. 841 

17-18 . 

• 

1231 


The figures arc compiled from average weights for American children 
up to 5-6 and thence on from figures for preparatory and public school 
boys. Until the age of 10 the amounts suggested do not reach the level 
given by Sherman as desirable. Beyond that age they are much in 
excess. The greatest increase in height occurs around the i6th year and 
if the skeleton is to be reasonably ossified it is at that time that the 
greatest need for a good calcium intake occurs. It will be remembered 
that Friend, the medical officer of Christ's Hospital, states in his book^ 
"that the incidence of broken bones increased remarkably in the 
rationing years 1917-1919 and did not fall to normal till 1923. At that 
time they were having difficulty at the school in supplying sufficient 
milk. Leitch’s figures have been criticized adversely as exaggerations of 
the truth, but all admit the truth of the trend of the calculations. 

We have painted a sufficiently gloomy picture of tlie attainment 
or the lack of attainment of the needs for calcium in the diet among 
several groups of the populace. Figures given by Orr and Crawford and 
Broadley do not relieve the gloom. Only the wealthiest classes obtain 
enough and estimates vary from 25 to 35 million out of the 45 million 
for those whose diet is inadequate. And yet a sufficiency is so ca.sy to 
obtain! We quote the cheapest conceivable diet: 5 oz. of cheese, 2 lb. 
3i oz. 80 per cent, extraction bread, and 4 oz. cabbage. This diet con- 
tains 1084 mg. of calcium, assuming that none of the calcium of the 
bread is available. The diet of a vegetarian who kept a complete record 
of the weight of all his food during the course of a week yielded no less 
than 2310 mg. of calcium.* And in view of the foods which contain 
plenty of calcium — relatively cheap foods — there is little need that any 
but the poorest strata of society should go without their quota.* 

* The Schoolboy {1935). Hcfter & Sons. 

* WlDOOWBON. K M. Uoi^). Jouni. Hygiene, 36, 26*j, 

* But sec note alwve, p. 94, on the clilhculty ol obtaining caVivim upon war 
rations. 
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Calcium Content of Foods in Milligrammes per ioo g. as Purchased 
All Cereals and cereal products from 4 (rice) to 55 (oatmeal)A 

Meat and meat products from 7 (duck) to 30 (sausages) except tripe 127. 
I'lSH, white II (cod) to 24 (skate). 

fat 686 (smelts) to 859 (whitebait). 

shell 18 (crab) to 144 (shrimps), but those with calcareous shells have 
liigh figures for edible portion. 

Dairy Products. Hard cheeses (Cheddar. Gruy^re, Parmesan) 810-1200 
Soft cheeses, 362 (Stilton) to 540 (Gorgonzola). 

Milk 120, skimmed milk 124, condensed whole sweetened 344. con- 
densed whole unsweetened 290, condensed skimmed sweetened 384, 
dried whole 895. dried skimmed 1225. 
butter 15. 

Fruits, fresh, from 3 (apples) to 77 (rhubarb and that probably unavail- 
able because of the presence of oxalates) 30 (dried apples) to 95 
(currants) but figs 284. 

Nuts from 9 (coconut) to 102 (barcelona nuts). 

\ egi:ta»li:s mainly from S (broad beans) to 46 (carrots and cabbage) but 
Kale (108) and watercress (189) are exceptions. 

! Distribution of Calcium in Foods. Meat is of little value, the only 
exception being tripe, which has been dressed with lime (127 mg. per 
IOO g.). Fish frequently contain large amounts of calcium, especially 
tliose in which one can or is forced to eat the backbone. Milk and its 
wirioLis j>roducts except butter contain large amounts. Contrary to 
current dietetic superstition vegetables and fruits contain almost useless 
amounts. Broan bread is extremely poor and probably a good percent- 
age is unavailable; white bread has less but probably it is all available. a 
(T!k' ]iroblt ni of the milling of flour will be considered later.) Should 
a j erson drink one quart of water with the hardness of London water 
(17 grains per gallon) ho would obtain 243 mg. calcium, no mean 
amount. F»iit if the water liad been boiled previously, as in the making 
of tea, some of the calcium would have been precipitated. Vege^bles 
boiled in hard water actually increase their quantity of calcium because 
boiling the water precipitates tlie calcium and the vegetables form a 
convenient nucleus upon which it can be precipitated. Soft water, like 
tliat of Liverpool, is useless in supplying calcium. 

The practical ]iolitics of obtaining sufficient calcium is easy; it is to 
increase the intake of milk and cheese. McCance and Widdowson in 
N’arious dietary studies have shown a close correlation between total 
calcium and milk intakes. 

They further stated that wholemeal bread so depresses the calcium 

* Comnioditics with hiplit r figures arc cither fortified with calcium or are made 
from parts of iUc cereal, c.^r. bran which contain phvtatcs. Their calcium is 
unavailable. 

- There is but little pliytate m white ilour, 

•• McCance, R. A., and Widdowson, E. M. I1942). Journ. Physiol, loi, 44. 
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uptake by the body that wholemeal flour should be fortified with 200 
mg. calcium to every 100 g. flour and 85 per cent, flour with 120 mg. 
The eating of i lb. of unfortified wholemeal bread needs the consump- 
tion of an extra ^ pint of milk to balance its adverse effect on absorp- 
tion of calcium. This emphasizes the need of extra milk, or cheese, in 
maintaining the calcium balance, especially when whole cereals are 
eaten, as in many "advanced” diets. There is evidence that the con- 
sumption of bread made from a flour of 100 per cent, extraction 
conduced to rickets in Dublin. 1 None the less it is claimed that in the 
simny high altitude of Johannesburg in South Africa calcium can be 
absorbed despite high extraction of wheat.* 

Phosphorus 

/ We have seen that phosphorus appears in many parts of the body 
both in its framework and structural units and as a catalytic and a 
buffering agent. Its use in the latter capacity in the urine results in a 
loss to the body of approximately J g. of phosphorus per day. Tliat at 
least must be made up. In fact there is a demand for pliosphoriis in foods 
at least as high as, or higher than that for, calcium. In the adult, if phos- 
phorus be lacking in the diet, the body can draw upon its apatite 
quarry of the bones for the lacking element; in growing animals this is 
not possible and a low phosphorus intake limits growth. There is an 
optimal relation between calcium and phosphorus in the diet which is 
about I : I or possibly i ; 1*5. It is known that in rats a high calcium, 
low phosphorus and a low calcium : high phosphorus ratio both limit 
the rate of growth and, in the absence of vitamin D, conduce to rickets. 
In milk the ratio of Ca : P is as 1 -27 : i. Most text books accept Sher- 
man’s suggestions for a reasonable intake of calcium and phosphorus 
which lead to a ratio of Ca : P of i : i *94. but there is no evidence of 
what is the optimal ratio. Let us assume at the present it is i : i, that 
is to say that if the adult man needs 680 mg. per day, the non-pregnant 
Woman needs 476 (i.c. 0*7 of the male need); the ])regnant woman up 
to 1474 ^t the end of pregnancy and growing children from 785 to 1937- 

Now there are parts of the world where phosphorus is deficient, e.g. 
South Africa, and there is evidence of phosphorus deficiency among 
farm animals in all parts of the world. But the human diets investigated 
reach even the high estimates of phosphorus need by the League of 
Nations Technical Commission which are higher than those suggested 
here. Consequently there need be little trouble concerning ]>hosj)ljorus 

' PniNCLB, Reynolds, and Jessop. (1943), }■ Med. /lis. L’lVfand Ckoasdailij, 
CoLLiB, Pringle, and Jessop, ibid. June. 67, 69. Kcafiirmcd in i954 t>>' Jessop. 

• Walker, a. R. P.. Fox, F. W.. and Irvjnc. J. T. (1948)- • 4*- 

45 ^* 
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intakes. It is almost certainly true that if the calcium in the diet is 
adequate the phosphorus uUl he adequate too. That is because milk, 
cheese, and the fish, which we take for their calcium, have a high 
phosphonis content as well. 

This raises the question: In what form does the body obtain its 
phosphorus? It is certainly mainly, but not enti^el3^ in organic com- 
bination. Half the phosphonis in milk is in combination with the 
protein caseinogen. The vitcllin of egg-yolk also has phosphorus ^ an 
integral part of its molecule. Again in the nucleo-proteins it is in 
combination. Possibly in meats the creatine phosphate, the compound 
of riboflavin and phosplioric acid, and the adenyl pvTophospbate are 
all hydrolysed during digestion so that the phosphates are free and 
uncombined. Anyhow we know that the phosphoric acid is freed by 
digestion from tlie caseinogen and vitelline, where it is in combination 
with the amino acid serine. And we know that a young growing animal 
can obtain all the phosphorus it needs from inorganic phosphates. 
Conse(}iicntly we assume that jfliosphorus enters the blood-stream as a 
])hosphate. 

One organic compound of phosphonis is found in cereals, pulses, 
and nuts and to a less extent in vegetables; calcium magnesium 
inositol hexaphosphate. There is evidence that this is of little or no 
value in nutrition. f(^r man possesses no ferment, such as plants and 
. rats pn.=iscss, which hydrolyses the phy tales. This shows that we must 
not accejtt the phosphorus contents of those foods as all available, 
nor indeed their calcium and magnesium contents. We must subtract 
from the total the phytate phosj)horus‘ {see below). 

l urning to tlu- actual intakes by middle-class people we find that 
all tile men iiu'estigated obtained enough available phosphorus^; so do 
mnst of the non-jiregnant women, thougli there was one out of the 63 
consiuning considerably Icss.^ Amongst the jiregnant women* there 
wt re few up to the standard that we liave set, and all tliose who 
.leliicved it had plenty of money to sjiend on foods. The rest were 
moderately poor, or had unemployed husbands. 

Distribution of Phosphorus in Foods. There is no point in giving 
ixtended tables concerning tin- phospliorus content of foods, for very 
few foods have insuflicient phospliorus. Only by lii’ing on fmit and 
\egitables (omitting the jiulses) can a person avoid taking enough 
phosphorus in the diet. 

It is enough to say: 

‘ M>.C\nce, U. aiul WmnowsoN. E. M. {1935), Dioch. Jouni., 29, 2694. 

- \ViuL>t)WsON, H. M. (1930), Jourit. Hygiene, 36. 269. 

3 WioDdWsoN, E. M.. aiij McC.\NCE. R A. (1936). ibid., 36, 293. 

‘ .MtC.\NCE. K .V., WiDDOwsoN, E. M., and \’erdon-Roe. (1938), ibid., 38, 596, 
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loi 


mg 

, per 100 g. 

Cereals (whole) 

213-380 

„ (milled) . . . • 

29-99 

Condensed milks 

23S-270 

Eggs 

218-256 

Fruits (fresh) .... 

7-54 

., (dried) . 

91-1 16 

Hard cheeses and dried milk 

545-772 

Meat, poultry, fish 

100-270 

Nuts ..... 

74-510 

Pulses (cooked) 

122-169 

Soft cheeses (Stilton, Gorgonzola) 

304-375 

Vegetables (except pulses) 

10-93 


. Iron 

/ There is but very little iron in the body — only 4 to 5 g. in the adult 
male, or 0*007 cent, of the whole body — yet this iron is extraordin- 
arily precious. Some 75 per cent, of it is found in the red corpuscles of 
the blood, as an integral part of the hjemoglobin. The next important 
iron-containing substance is ferritin, a crystallizable protein, 23 per 
cent, of its molecule being iron. This is found in the liver, spleen and 
red marrow and it accounts for some 14 per cent, of the total iron. It 
is also found in the mucous membrane of the alimentary tract and there 
it has importance in the transfer of iron from the lumen of the gut 
across the columnar epithelium to the blood stream. In the blood 
stream iron is found in a protein, siderophillin, a globulin which in the 
presence of carbon dioxide forms a compound with iron and transports 
it to the iron storage depots where this iron is laid do\vn as ferritin. If 
large amounts are transported from the gut to the blood stream tlie 
iron is first of all laid down as haemosidcrin in the Kupffer cells of tlie 
liver sinusoids and in comparable cells in the red marrow. This iron is 
histologically demonstrable by staining with ferrocyanide, but it 
rapidly disappears, being transformed into ferritin. There is one other 
compound of iron in the cells of the body— cytochrome— whicli, though 
it accounts for very little of the total iron, is of extreme importance in 
metabolism. 

All the iron in the body comes from the food, and the wonder is that 
we can build up a store of 4-5 g., seeing how little iron there is in food 
stuffs. Moreover it has to be remembered that iron even in moderate 
amounts is a poison; ako that if too little is absorbed nutritional 
anarmia results, and if too much, over a long period of time, the body 
suffers from hamachromatosis. Fortunately the normal body loses 
very little iron per day. Some passes out via the bile, and a small 
amount is shed in desquamated skin cells. This is true for the male and 
the non-menstruating female; but the female between puberty and the 
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menopause loses in addition considerable amounts of iron in men- 
struation and parturition, and, also, in pregnancy the mother hands on 
iron to the foetus. Therefore from the nutritional standpoint the 
feeding of a female from puberty till the menopause presents a different 
problem from that of the male or the pre-pubertal and post-menopausal 
woman. 

In males the daily loss has been estimated to be no more than l *2 mg. 
per day, but the figure for women of menstrual age has been placed as 
low as at the rate of 2 -i mg. per day and as high as 15 mg. (The latter 
figure must surely be an over estimate for the National Research 
Council recommends that tlie diet of a woman should contain 15 mg. 
of iron per day and hy no means all of this is absorbed.) Be that as it 
may it is known that males can have a normal haemoglobin on a diet 
containing as little as 8 mg. of iron a day whereas women who are 
menstruating or are parous become anaimic on that intake. The problem 
in both males and females is to build up storage depots of iron to meet 
emergencies — of haemorrhage, destruction of red corpuscles by poisons 
or. as is so common to-day, blood donation. Obviously a woman needs 
more of iron-containing foods than a man. and, generally speaking, 
she gets less. 

'I'ho foods containing relatively much iron are few, often expensive, 
or (lilficult to take in any large amount. 


Iron in Foods,^ mg. per 100 g 


Fish. 

White 

1 -o 


Sprats 

40 

M«bit nii'al- 

Heart 

S-o 


Liver 

130 


Kidnc^• 

iS‘4 

Ml als 

Jk*ef 

40 


Mutton 

4-0 


Pork 

1-0 


Bacon 

I 0 


Cereals. Highly milled 1-2 

whole cereals 

iron unavailable. 

Dair)' produce. Cow’s milk o*i 

Cheddar cheese o-6 
Dried fruits Currants i -6 

Figs .y2 

F'resh fruit about i mg. 

Green vegetables o-7-2*5 

Except spinach, iron unavailable. 
Black treacle S*o 


.\ few points remain to be made: cooking makes the iron of meat more 
a^•ailable, boiling leaclics out but insignificant amounts of iron from 
the \egetables, and preparation of foods with rusty implements or in 
cliippeil enamelled ware actually adds iron to them. In these days of 
stainless steel and aluminium cooking vessels wc have to forgo that 
source of iron. 

.\ moment’s considiration of the figures in the table will show' that it 
is by no means easy to olilain the requisite 12 to 15 mg. per day. 

’ All fijiurrs in this tahk- .irr from Ihf Xulrilivc I'altie of Warliwe roods, 
Il.M.S.O., 



103 


SOURCES OF IRON 

Nutritional anaemia, therefore, should be common, and, in fact, is by 
no means rare. It is seen in artificially fed babies, it is common in our 
slum population, and in women between puberty and the menopause, 
especially in multipara. Moreover the acceptance of a lower figure for 
haemoglobin in the blood in women than the figure for men is question- 
able. Women laboratory workers can raise their blood haemoglobin to 
the level of men’s by iron medication; whereas such medication leaves 
the men’s figure at its usual level. This suggests that such women are 
not getting enough iron in their food. 

It looks as if many people do not take sufficient iron, and it is a fact 
that even if the food is, comparatively speaking, loaded with iron, the 
eater may be anaemic.^ And yet, theoretically, if the adult male absorbs 
about 2 mg. of iron per day from his food he should have enough to 
keep him from nutritional anjemia, and, if he absorbs more over a long 
period, he should suffer from hcemachromatosis. 

A subtle mechanism is needed to enable a person to tread the narrow 
edge between under and over supply to the cells of his body, with iron. 
The body can separate out and seize i part of iron in a million or more 
parts of food, can take this into its system only when it is needed and 
transport it to where it is needed or where it can lie perdu till some 
emergency calls for its use. In nutritional anajmia, after hxmorrhage. 
and in pregnancy, iron is readily absorbed; if it is not needed, it is 

rejected. 

rhe linch pin of this mechanism is apoferritin. It is found as an iron 
free protein in the mucosa. Just as hajmoglobin can pick up oxygen from 
surroundings where the oxygen pressure is relatively high and give it 
up again where the oxygen pressure is low, so apoferritin can pick iip 
iron from the gut and yield it to the blood stream wlien the amounts m 
the blood stream are below normal. The amount of ferritin-apoferritin 
in the mucosa is low but it can be raised somewhat by iron medication. 
It is however readily satiated with iron, and then will take up no more. 
Iron is absorbed only in ionized form and best as ferrous iron. Ihe 
presence of ascorbic acid in the gut facilitates absorption of iron by 
reducing ferric ions to ferrous ions at a />H of 5. A low />H aids absorp- 
tion, and the iron passes into the mucous membrane most rapidly in 
the duodenum. Naturally achlorhydria decreases absorption. 

How the iron is transferred from the ferritin to the sidcrophillin, 
the transporting agent in the blood, is a matter of conjecture. It is 
thought that at the inner edge of the columnar epithelium, near the 
blood capillaries of the villi, the ferritin is dissociated again to ajio- 
ferritin and iron when the oxygen in the blood is low in pressure e.g. 

^ According to Martin HywEs (1948). Proc. Roy . .Soc. Med . 41. 545 - M 
cent, of 1400 N.W. Indian soldiers liad liypochromic anemia curable by iron 
nitdicatioQ, thougli they had 65 mg. iroo per day in their diet. 
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in anaemia. The freed iron ions in the presence of carbondioxide form a 
complex of one molecule of carbondioxide, one atom of iron and a 
molecule of siderophillin. 

Iron, then, is given up by the ferritin to the siderophillin when 
wanted in the body, and not othei^vise. There is no absorption of iron 
from the alimentary tract when the iron content of the blood is normal. 
It is readily absorbed in iron deficiency anaemia and in pregnancy, but 
hardly at all in polycythsemia. 

Storage of iron in the body is essential to meet emergencies, for a 
sudden call for the manufacture of red blood corpuscles after haemor- 
rhage cannot be met by the trickle of iron absorbed daily from the 
intestine. It is stored as ferritin. An excessive invasion of the blood by 
iron under iron medication, fills the Kupffer cells of the liver sinusoids 
with haemosiderin, a condensation product of ferritin. Also this appears 
in the endothelial cells of the marrow sinusoids. This storage is tem- 
porary only, for it disappears soon and passes to the liver cells, the 
spleen and tlie stroma of the marrow. There it lies until needed. 

We are born into tlie world with an amount of iron in the form of 

h<emoglohin far in excess of what is needed in extrauterine life. (It was 

needed in n/cro.) The excess of lucmoglobin is disrupted and its iron is 

stored. The usual estimate of 400 mg. lias been contested,’ and a range 

of _’oi-372 mg. given. This stored iron is suj>posed to tide the baby over 

botwren birth and weaning, for milk contains but little iron. McCancc 

and Widdowson maintain, however, that tlicre is enough iron in human 

milk to supply new liccmoglobin for the slowly growing human child. - 

I Iowe\-er,e\ en in tlie l^reast-fed child, the hjemoglobin may fall to 70 per 

cent, of the normal, and in the artificially fed bab}’, when cow’s milk is 

given, the f.ill may be to 40 per cent . 3 This suggests that the human 

bab}', whatever its birth stores of iron are, is in a marginal state of 

serurit\’, for tlie health of llie babv — its resistance to infection — is 
♦ ^ 

atlecied by tlic low luemoglobin and is better under iron medication. 
The early introduction of babies to iron-containing foods, practised 
to-day by pediatricians is valuable in building up their iron reserves. 

In any case— infantile, youthful and adult — it is advantageous to 
have a reserve of iron to meet emergencies, for anv sudden deficit due 
to l)lond donation or h:cmorrhagc cannot be rapidly made good from 
food. Donation or loss of 500 ml. of blood means a loss of 250 mg. of 
iron. This cannot rapidly bo made good from the food, for it might take 
as long as 120 days, and yd the normal haemoglobin figure is reached 

' .^ 1 ' I an’cf, T\. .\,, and ^^■lI>^o\vsoN, li. M. (1951), Jouni. Physiol.. H2, ^50. 

- Hriifiurr. St. G.. ainl Wino.xs, W. }•'. (1950), Jour}i. Phvsiol., no, 386, 
<lcny thi- -.toram* altogether in the laboratory rat. 

3 M.\(K\v. 11 . Goont'ia I ow, ami llRvnroRU Him., (lu^i), Med. Res. 
Coiiiuil Rfftoil, No 157. 
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in a few days. This rapid recovery must be due to drawing on the 
reserves of iron, stored as ferritin, in liver, spleen and marrow. It is the 
function of nutrition to build up these large reserves of iron. It is not 
an easy task, but despite that, with a knowledge of the available iron 
in foodstuffs, it is a problem that can be readily solved. Attention is 
called to General Hospital Diets (1954) pubUshed by King Edward s 
Hospital Fund for London which gives twelve weeks (one a month) 
menus at three price levels. These menus give the nutrients recom- 
mended by the British Medical Association's Committee on nutrition 
{1950). For iron they recommended 12-15 nig. per day. 


Iodine^ 

/However tiny the amount of iron necessary for health may be. the 
need for iodine is a hundred times smaller. Whereas 12 to 15 mg. o 
iron is enough, only 140 Mg. of iodine is needed per day y t e a u 
Yet this microscopic amount is infinitely precious. 

Since 1840 it has been known that iodine lack bears some relation to 
simple goitre and in 1920. at the end of a four >^ars experiment on 
the girls in schools in Akron, Ohio, earned out by David Marine it was 
demonstrated without a doubt that the giving of a regu ar ai y ose 
of three grains of sodium iodide stopped the development 0 goitre. 
Theresultsof the four years' experiment on 5.000 girls were as foUows. 


Of those taking iodide. . 

If normal at the beginning no goitre at the end. 

H goitrous at the beginning two thirds became normal. 


Of fhe c<mtrols. 

If normal, 50 per cent, became goitrous 
If goitrous, none returned to normal. 


The experiment could not have been more diagrammatic. 

The story is exactly the same wherever iodine medication has been 
adopted. In Michigan in 1924 nearly 39 cent o the schoolchildren 
had swoUen thyroids; in 1951 only i ‘4 per cent, had goitre. In Switzer- 
land in 1900 at least 10 per 1000 of the army recruits were rejected for 
goitre in some cantons, and the figure rose as high as 100. 200 and even 
more in cantons such as Valais. Orisons and Argoire. In 1944-6. 
foUowing the use of iodized salt, there were no rejections m many 
cantons and the highest figures were 2 per 1000. In Argoire where the 
use of iodized salt is the lowest among the cantons, the incidence of 
goitre is highest. It is certain that if the salt used as a condiment by 

iThis section on iodine U based on articles by Tqwehv, 13. T - 
1 B Selwys Taylor, Murray. M. N.. Kelly, b. C.. Holman, J. C. M,, Kim- 
ball* b F.. Matovinovic. J.. Nicod, J. L.. Ramalingaswami, V., and Stac- 
POOLE, H. H. (1953). Bulletin 0/ W.H.O.. 9, 175. 
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most people carried i part of iodine as iodide (or better iodate) per 
100,000, goitre would disappear from the world, together with the 
cretinism and deaf mutism correlated with it. And yet it is estimated 
there are nearly a million and a half sufferers in Yugoslavia, while in 
the Karakoram qo per cent, of the inhabitants are goitrous. The trouble 
is rife in mountainous regions, particularly limestone regions. The 
Himalayas, the Andes, the Rockies, the European Alps, the Pyrenees, 
the Caucasus are regions where goitre is all too common. In Great 
Britain, we sec it in the Pennines (cspeciall)’ in Derbyshire whence the 
name of Derbyshire neck for goitre), the Cotswolds and the Mendips. 

Normally we obtain our iodine from foods, particularly sea fish and 
the edible seaweeds, though vegetables grown on soils containing 
iodine yield a few /^g. per lOO g. Fish have a much higher value, e.g. 
herrings, 200 mg. per 100 g.; cod, 120 and salmon, 140.* 

The Iodine is absorbed as an inorganic salt, passed into the blood 
stream and is rapidly picked up by the thyroid gland. There it is united 
with tyrosine to form di-iodo-tyrosine and this is further elaborated 
into thyroxine, a totra-iodo-parahydroxy-phcnyltyrosine ether. It is 
stored in the gland as thyroglobulin. It circulates in the blood as 
thyroxine or possibly as triiodothyronine. Thyroxine hiis the remark- 
able effect of raising the metabolic rate: i mg. doubles it in 24 hours. 
Triiodothyronine is three times as active as thyroxine. = To regulate 
lh<‘ level of metabolism is obviouslv the function of the hormones 
manufactured by the thyroid gland, and for this, iodine in the food is 
essential. Endemic goitre could be wiped out if seafoods were regularly 
eaten, or, more simply, if iodised salt up to lo or 15 g. a day, were 
the salt used in cooking and at tabic. There is no danger of producing 
overactivity of the thyroiil gland by sucli expedients. 


Sodium 

The study of sodium in the diet has become important, as the result 
partly of the effects of the loss of sodium from the body in intense 
l)erspiration and partly of the discovery that the cortex of the supra- 
renal body governs tlie excretion of soclium salts by the kidne5^ Some 
of the symj)toms of Addison's disease arc almost certainly due to the 
direct loss of sodium and chlorine from tlie blood. » (The apparent 
increase in j^otassiiim is due to the decrease of the volume of the blood 
in this disease.) As much as 28 per cent, of the sodium and 33 per cent. 

* A \ cry Ion;; list ol the iodine contents of foods is given in Pridge’s Difleiics for 
the Cliiiiciuti. M. H. Johnson, 5th cdn.. pp. S04-8. Noteworthy are the low 
figures for fruits and vegetables from goitrous regions of the U.S.A. 

52 Gross, J., and Pitt-Rivers, R. (195;:). Laocet. l. 439 and 593. 

3 Loeb. quoted by Gr.\h.\m. (1937). J’oslgrad. Med. Jonrn.. 88. See also Hinds 
Howell. (i93l). Lancet, i, iiip. 
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of the chlorine may be lost from the blood in Addison s disease. It is 
almost certain that the loss of the sodium is the operative factor, for 
other sodium salts can take the place of sodium chloride in alleviating 
the symptoms. 

Loss of sodium, as the result of intense sweating, may produce 
symptoms very similar to those seen in Addison’s disease, viz. muscular 
weakness, dyspnoea after slight exercise, langiior, mental confusion, 
drowsiness.'Stoker's and miner’s cramp is now recognized as being due 
to a loss of sodium from the body which is not replaced unless salted 
water is taken instead of water or similar beverages. Sweating in hot 
climates may give rise to unrecognized ill-health, and this may be 
serious and even fatal. A man may lose 3000-4000 mg. of sodium m a 
day by sweating, as was shown in a series of experiments by McCance 
and his colleagues, with resulting symptoms closely paralleling those 
of Addison's disease.i Three hours’ exercise in the sun may result in a 
loss of sodium chloride in the perspiration equal to a whole day s salt 
ration.* The symptoms of Addison’s disease may be aggravated by 
cutting down the sodium intake and increasing the potassium intake 
by an exclusively vegetarian diet. "Heat Exhaustion, Type , \vi 
its main symptoms vomiting and cramp, as the result of exposure to 
desert climate, is due to a loss of sodium and can be obviated or cured 
by increased salt consumption. In extreme cases intravenous injection 

of normal physiological saline is advisable.® j , • f 

In normal dietetics there is never any likelihood of a depletion 0 
sodium, for most of us take more than enough in food. But if work or 
exercise is undertaken in hot surroundings there is a danger of such a 
depletion. Some persons lose sodium in their perspiration muc i more 
readily than others and these, if they undertake arduous work or exer- 
cise in hot weather or hot surroundings, should make up tlicir dclicit 
by drinking slightly salted water. A level teaspoonful of common salt 
to a pint of water, which is approximately "normal saline, mrms «i 
convenient drink for replenishing the body's store of sodium in these 
conditions. ,• i 

In medicine, when there is a depletion of the stores of sodmm by 
excessive vomiting or diarrhoea, or of course in Addison s disease, 
saline should be given instead of water for the same reason. In all cases 
when a "salt-poor" or "salt-free" diet is indicated the effects of deple- 
tion of the sodium in the extracellular fluids of the body must be borne 
in mind. Anchovies, bacon, caviare, cheese, haddock (smoked), ham, 
kippers, green olives, salt fish and salt pork, and sausages arc acceptable 
as a means of supplying sodium in sodium depletion if sahne is is i e . 

^ Lanut. (1936), X, 823. 

* Dill. Hall, and Edwards, Jour»- Physiol.. i 2 j. 

» Ladell, Waterloo, and Faulkner Hudson. (19-^4). 
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Potassium 

Ringer, in the early eighties of last century, when investigating the 
osmotic effect of sodium chloride on the heart beat, and following up 
the results of a mistake of a laboratory assistant in making up solutions, 
discovered the activity of the positive ions, calcium, potassium and 
sodium. A balance betw’een these three ions is essential for the function- 
ing of striped and unstriped muscle and of nervous tissue. 

It is usual to state that the cells of the body contain potassium ions 
predominantly, whereas the extra cellular fluids contain sodium. For 
example potassium predominates in the red blood cells and sodium in 
the plasma, the cell membrane is considered impermeable to sodium 
from without and to potassium from within. The carriage of carbon- 
dioxide by the blood plasma was explained upon the basis of this 
impermeability. Tliis apartheid of potassium and sodium is by no means 
absolute. Muscular contraction results in an escape of potassium into 
the extracellular fluid and passage of sodium into the fibres,' w’hereas 
when glycogen is laid down in muscle or liver, potassium is required in 
the cells and passes into them from the plasma. 

Normally the balance between intake and output of potassium in the 
body is so well regulated by the suprarenal- and the kidney that neither 
deficit nor excess, both inimical, shows up. Most foods contain such an 
abundance of potassium —from o-i to i -o per cent. — that there is little 
likelihood of a deficient intake. In fact a low jiotassium diet is difficult 
to de\'ise and maintain. 3 {Such is needed in Addison’s disease, in which 
sodium is lost via the kidney from the blood and potassium, to some 
extent, takes its ]dace and a hyperpotassicmia results.) After severe 
surgical operation potassium passes from tissues into the blood, sodium 
enters the cells and should the kidneys not be functioning normally 
too much potassium may accumulate in the extracellular fluids, i.o. 
a state of hyperpotass:rmia la-sults. If tlien the kidneys start function- 
ing again, tlie tissues, having lost much of their potassium, will show 
s\-mptoms of having too little. The symjitoms of too much and too 
little potassium arc unfortunately somewhat alike, but a differential 
iliagnosis can be made by electrocardiography and biochemistry.-* 

So far as normal nutrition is concerneil, nothing but an extremely 
freakish di<-t. consisting of various fats, cream cheese, stewed tripe, 

‘ SiH- in {xirlicular ainl for refiToncfs McDowai. 1., K. J. S , .ind SolimaN, 

A. I. I.atiit!, I, 

• Simpson. S A . Tait, J. R. anti Busn, I. \l. (105^), 2, 226, 

AuKAiiAMb, M . aiu! W iDi>o\vsnx. E. M, Modern Dietarv Treatment, cdu. 
]>. -ios. 

'* I'or fnrlluT inf^tnnatiun mi this important subject see ('»k\iiam, O. 

Tiu’ liarveian « ^ration. /»>//. Med fomn . 1. 
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well boiled shell fish, sugar, tea, lemonade, overboiled vegetables and ^ 
white bread could possibly produce a deficit of potassium.* 

Sulphur 

/Sulphur is the one element apart from carbon, hydrogen, nitrogen, 
And oxygen which is absorbed into the body almost entirely in the 
form of an organic compound. It is present in most proteins as 
the amino acids methionine or cystine or both and is absorbed into the 
system in that form. Sulphates, as such, in the diet are absorbed with 
difficulty. The amino acids mentioned are important not only in the 
construction of human proteins but also of glutathione, a cell catalyst. 
Further, the sulphur from them must be used in the synthesis of 
vitamin Bj. There is sulphur in insulin and in taurocholic acid, one of the 
acids in bile salts which play an important part in the digestion of fats. 

Most of the sulphur in the food when metabolized is converted into 
the sulphate and excreted in the urine as such, though some is detached 
as cysteine, or converted into glutathione, thiocyanates, etc., which 
perform essential functions in the body. Some sulphur-containing 
amino acids in the form of protein, are essential in the diet aiid it is 
probable that methionine is the main one. In a mixed diet there is little 
likelihood of a deficiency, for egg albumin, lactalbumin, myosin, 
ovovitellin, and gliadin, proteins from egg, milk, meat, and cereals, all 
contain over i per cent, of sulphur. It is suggestive that egg albumin 
and lactalbumin, proteins pre-eminently connected \vith growth, 
contain the largest amounts of sulphur, i.e. i -62 and 1 73 per cent. 

respectively.* 

Magnesium 

/ If magnesium is absent from the diet of experimental animals marked 
I vasodilatation, nervous irritability, convulsions and death result. ^ 
Deficiency in a normal human diet is unlikely because magnesium is 
widely distributed in all foods in small but significant amounts. 1 he 
body can extract it even from the phytates present in w'hole cereals.* 
150-200 mg, are excreted per day. Excess in the blood is excreted 
rapidly in the urine.^ We are, however, warned that magnesium l)alance 
may have to be considered in the future.® 

^ Sec Chemical Composition of Poods. M.Ii.C. special report. 235. by McCanck, 

A., and Widdowson. E. M. . . 

*OsBORKE, quoted by Sherman. (1937). Chemistry of Food and !<»tritton. 
Macm illan Co, 

. • McCollum. Oeent-Keiles, and Day. (I939). The Newer Knowledge of Nntrt- 
*ton, 161. 

* McCance, R. a,, and Widdowson, E. M. (1954). Med. lies. Counc. Hep. 287. 

® McCamce. R. a., and Widdowson. R. M. (I939). Biochem. Journ.. 33^ 5^3 

* Lancet . {1954). *<>67. 
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Chlorine 

.'chlorine is an element which is taken into the body almost entirely 
is a soluble chloride and mainly as the chloride of sodium, or common 
salt. The majority of people add salt to their food as a condiment m 
amounts which altogether outweigh that naturally m the food That 
this is a matter of taste and not necessity is shown by the fact that the 
Eskimo docs not do so, and salt was unknown in the Amazon basin 
for thousands of years before the white man introduced it. The natives 
now prize it highly— as a condiment.^ That salt is more essential in hot 
climates than cold has already been mentioned, but it must be realized 
that this is more for the sodium that it contains than for the chlorine. 

The body is tenacious of its chlorides and in chloride starvation it 
reduces the excretion from the high level of 7 or 8 g. per day to as low 
as 0‘2. In pneumonia the excretion of chlorides may be suppressed till 

the crisis is past. 

Chloride intake is essential for the production of the hydrochloric 
acid in the gastric juice, for maintenance of osmotic pressure in the 
tissue fluids and in enabling the blood to cariy^ carbon dioxide. If it 
were not for the chloride shift from plasma to red blood corpuscle as 
the blood becomes venous, the blood could not carry its load of carbon 
dioxide from the active tissues to the lungs. The presence of normal 
amounts of chloride in the plasma of the blood is thought to be neces- 
sary in keeping the calcium of the plasma ionized, thus preventing 
tetaiu’. 

Ciiiorides (estimated as chlorine) in foods vary from the trace found 
in apricots, cherries, jdums. and similar fniit to sucli a high percentage 
as 4'5 in fried bacon, most of which is added in pickling. .\s the major- 
ity of people add salt to nearly every cooked and uncooked food with 
the exception of fruit (tliough Americans are known to take salt with 
fresh cantaloupe melon) there is no likelihood of any deficit in the diet. 
Theri: are occasions, however, in dietetics when a salt-poor or a salt- 
free diet is indicated, in which such foods as bacon, baked beans, 
corned beef, salt beef, bloater, salt butter and margarine, smoked 
haddock, kipper, meat extracts, olives, tinned salmon, sardines, 
sausage, and shellfish are forbiddens (see p. 595). 

Trace Elements 

In the table given on p. 90 some elements are stated as being present 
in the bod\- as traces and others as mere traces. Taking them in alpha- 
betical order: aluminium, arsenic, boron, cobalt, copper, fluorine, 

^ Mkkiuman. \V. N. (i<)45}, Sortluytt Caballero, p. io8. 

-Abrahams, M., and Widdosvsun. K. M. Modern Dietary Treatment. 

l^aiUicTc, Tindall & Cox. 
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nickel, silicon, zinc, we have to ask ourselves whether they are in the 
body fortuitously or because they are essential. As some of these 
elements are found in enzymes and other catalysts o the body a.u 
have proved to be essential in animal nutrition in small amounts and 
as some other elements in traces are found to be deleterious in nutrition 
(e.g. selenium and molybdenum) it is usual to stu y t eir impor ance 

in dietetics under the heading; “trace elements. ' i ...r 

Aluminium. There is no evidence that aluminium is essential nor 
that even large amounts, far beyond what is obtained through cook ng 
in aluminium pots and pans, or consumption of alum containing baking 

powders, have any deleterious action. 

Antimony is not found in the body but receives mention ^ere 
traces arising from the use of cheap enamelled ware have ca 

.s no cv.dence t.a, .ere 

essential while it is notorious that even a small ^ J 

poison. The mere traces are of .mportance mamly 

prudence. It is interesting to note that f 

often have more arsenic in them than would be allowed by health 

containing preservatives is illegal in this co y . . , .. 

Cobalt is now known to be esscnt.al m 

part of vitamin B,. the “‘'P'™“;“\xtrinsic factor and needs his 

hver. Th.s .s ^J„cous membrane of the gut. 

intrinsic factor to get “ across ^.,iaespread througliout the 

Though shortage among sh«p am . 

world, from Scotland o New ^ealan ^ammes of vitamin 

no evidence of cobalt shortage m man. a lew g 
B is all that is needed per day. and therefore much less cobalt. 

15, j IS all mai is n , ' n^rt of the oxygen-carrier luemocyanin 

Copper ferns ““ molluscs and also of sundry 

found m lobsters, ^ ^ cssent'y.i\ for the formation of ha;moglobin 

:iS“K " .1“ «- ?ri" ""“V 

r3 -rE " “ si r-j;,; 

“■of Wes. Australia, with ' ■ piglet an.mia’’ throughouUhe world 
and with the 'sway hack’’ disease of lambs in limestone (and chalk?) 
districts of this country, from this evidence we should ^P'lCt coi^ 
to be essential in human diet, and it has been guessed that n. td 

I l-.,r a discutwion on trace elements in relation to health, see Proc .V»/ .S« 
(KJ44). 170 215. Also I'OKSTNBR, O. H, (1948), Cheift. and Ind . p 199 
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’ mg per dayA Excess of copper is poisonous, but there is a big gap 
between the amount which will stave off trouble in animals and the 
toxic dose. No foods are wholly deficient in copper, though dairy pro- 
ducts and highly miUed cereals have very little. 

Fluorine, once considered dispensable, has sprung into prominence 
because of its influence on the teeth.2 For example, the exceUent teeth 
(•f the inhabitants of Tristan da Cunha, which have been held m the 
past to support most systems of dietar}'. arc now claimed to be due to 
tlie small, but definite, amount of fluorides in the drinking water of that 
island. When present in more than i part per million in the drinking 
water, fluorine leads to mottling of the enamel of the teeth (e.g, in 
.Maldon, Essex, where there are 5 p.p.m. in the well-water). Excess of 
fluorine interferes with bone metabolism in cattle, producing exostoses 
on long bones and mandibles, a condition seen in those fed, for example, 
on herbage to leeward of the prevailing wind near a group of brick 
factories. 

As the result of carefully controlled experiments in the United States, 
the American Dental Association in 1952 endorsed the fluoridization of 
drinking water in neighbourhoods where fluorine is deficient. The 
proposal to do the same in Great Britain has received the expected 
opposition. 

Manganese. This metal occurs in the body in more than traces. 
It is essential in the nutrition of birds, but is of less importance with 
mammals. Ihe few mg. thought to be important in human nutrition 
are j^rovided by the otherwise adequate diet. Manganese in relative 
large amo\ints is toxic. 

Molybdenum causes disease in farm animals in parts of central 
Somerset and elseu 1 -re, which can be prevented by ingestion of copper. 
It is a cofemient to hver xanthine oxidase so molybdenum may be 
essential in human nutrition. 3 

Nickel and Silicon. These arc invariably present in human tissues 
but tliere is no evidence that they are essential. 

Zinc. .\s already mentioned, this clement is essential in the produc- 
tion of itjsulin and of carbonic anhydrasc,-* but zinc in small amounts 
is so wkb'h' tli.stributed in food materials that it is doubtful if the 
human race rvi-r goes short of it. 

Acid-Base Equilibrium 

.\notlur happy hunting ground of the faddist is the acid-base 

' l..\vi-itTnN and BiNKi.iiv. (1044). oj Sutr., 27, 43. 

- Sic Lamet, (1041), i, :3. 37*;. 701 and (l944)- 2. 5n>. 

^ Sue* iMucet, i, 73M, 

* Keh in (1040), lUoch. jouni , 34, 1 163. It is foinitl also in nricase. Da\'IDSOn. 
(ic)4J). }Uoch. Jouru . 3b, J52. 
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equilibrium in diet. It is undoubted that a high protein diet* renders 
the urine acid to litmus, whereas a predominantly lacto-vegetanan 
diet makes it alkaline. As a result, some foods have been a e e 
"acid** foods, some neutral, and some ‘'basic or alkaline oo s. ns 
is unfortunate, for the layman naturally assumes that a f-S- ^ 
lemon, which is acid to the taste, is an "acid food, whereas exac y c 
contrary may be true. On this misconception various food tacldists 
have built fantastic schemes of diet. Before wc go further we la le er 
give the conventional classification. 


Acid'Ush Foods. 

Meats, fish, poultry. 

Eggs, cheese. 

AU cereals except tapioca, 
sago and cornflour. 
Filberts, ground nuts and 
walnuts. 


Neutral-ash Foods. Alkali-ash Foods. 
Butter. All fruits even the most acid 

Cream. tasting except plums and 

Oils and fats, cranberries. 

Tapioca, etc. Vegetables. 

Sugar. Milk. 

Almonds, brazils, chestnuts 


A 


What the tenn "acid” or "acid-ash” food means is that the final sohd 
end results of metabolism of that food would, when disso vc m \\ . 

or for that matter in blood plasma, tissue fluid or unne.^ 
concentration of hydrogen ions. A "basic” or basic-ash ooc 

in like manner, increase the hydroxyl ions. 

Foods may be actually and chemically acid or alkaline. ' ic > . 
the acidity or alkalinity of foods is assessed as /)H (the 
hydrogen ion concentration, omitting the minus sign). e p ‘ 
disagreeably acid fruit is 2. Broth may have a 5'5 ® ii.,-!,, 

though on the acid side of neutrality (/>H 7) it tastes nciitra . . im 
vegetables run from 5 to 7, i.c. acid to neutral. Very few 00 
actually alkaline though eggs, when stored, rapidly reach ^ ^ ^ _ 

Taste, therefore, is a poor guide to acidity or alkalinity o 
eaten, and none at all to the solid end products of metabolism. 

Very few foods are as acid as gastric juice, though, as a ma 0 
fact, orange juice can be irritating to a gastric ulcer. 1 here is a iso ' • 

no need for a person with normal digestion and metabolism o eej 
acid tasting foods, though when there is a hypcrchlorhydria it is we 
to avoid them. (Even then it is probably not so much t leii «ici( 
which matters but their power of provoking a flow of gastric )uia . 

Various tables of the metabolic reaction of foods, i.c. the reac 
their ash, have been compiled, the most extensive being n •- 


!, in the year-long experiment on Stcfdnsson anU * 

id of meat, eggs and fish only, the ; an.l 

o 2 to % times the acidity on mixed diets .Mteei.. 


* For example, 
the diet consisted 
was increased to 2 to 3 
DeJJois. (1930), /oilfM. /Jiof. C/irw., 87, 051 
»McCance, R. A„ and WionowBON. }•: M. ■'/»•«/ Ifr^ <.">•'» I 

lUport, 235. 
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Their acidity or alkalinity is expressed as the volume of tenth norm^ 
alkali or acid to which the ash from lOO g. of the food is equivalent. 
Often there is discrepancy between the findings of different authors, 
for example, cucumbers are credited with high alkalinity by Berg in 
Germany, moderate alkalinity by Sherman in the U.S.A., and low 
alkalinity by McCance and Widdowson in Great Britain. For the 
normal person this does not matter for no one who has worked on the 
subject believes that to attempt to balance the acid and basic foods 
against one another in the diet, so that they cancel each other out. is of 
any importance. The kidney’s function is to get rid of excess of hydrogen 
and hydroxyl ions in the blood, and it must have managed to secrete, 
without damage, an acid urine for the thousands and thousands of 
years when primitive man was a hunter, before animals were domesti- 
cated or agriculture developed. To-day the Eskimo and the Masai, whose 
diet must produce much acid, show no disease attributable to a highly 

"acid” diet. . 

In ]>athological conditions of the kidney the balance may be im- 
portant.* If the kidney has difficulty in keeping the alkaline reserve 
within the normal limit of 55 to 70 volumes of CO2 (25-31 '5 
molecules) per 100 volumes of blood, the amount of basic foods 
should either be increased or some alkaline salt, e.g. sodium bicarbonate, 
should be given as a medicine. Similarly if the kidney fails to keep the 
alkali reserve down to the normal limits "acid” foods should be in- 
civasvd or acid given by mouth. In either case the alkaline reserve 
sliould be estimated at intervals to ensure that the treatment has 
l>ei’n adequate. 

U is also claimed that cystine stones in the pelvis of tlie kidney can 
be dissolved by giving foods with an alkaline ash, 2 but phosphatic 
stones cannot be dissolved by the use of foods with an acid ash. 

While on this subject of the acidity of foods it would be well to ask 
whether any of the acids which occur in fruits and vegetables appear 
unoxidized in the urine. The answer is complicated by the fact that two 
of tliom, oxalic and citric acids, are almost certainly formed in inter- 
mediate processes of metabolism. There is a normal excretion of 
200-1200 mg. per day of citric acid, 100-15000! hippuric acid, and 10-50 
of oxalic acid. 2 The acids of fruits are malic (apples, plums, quinces, 
tomatoes, etc.); citric (citrous fruits, pineapple, tomato, and most 
summer fruits); benzoic (cranberry and bilberry); tartaric (grape); 
oxalic (strawberries, unrii)e tomatoes, rhubarb, spinach, and sorrel). 
The body seems to oxidize malic and citric acid nearly completely: 
tartaric is hardlv absorbed at all; oxalic may be absorbed and oxidized 

' Graham, G., and Oakley. \V G. (1938). Arch. Dxs . Child , N.S.. i- 

- Higgins (1940). quoted in Lancet, i, 

^Sherman. (1937). Chewisitx oj Loed and Sutrition. Macmillan fc Cu. 
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or excreted in the urine; benzoic acid is excreted as hippuric acid. 
Consequently the foods which concern us as regards acid-base equilib- 
rium are the foods which contain oxalic and benzoic acids. 

It is often alleged that when rhubarb and spinach are eaten oxalates 
are excreted in the urine (oxaluria). It is even further stated that eating 
the leaves of rhubarb as "greens” during the first World War caused 
fatal cases of poisoning. There is certainly oxalic acid in the leaves* 
(0*30-1 -ii per cent.) and in the stalk from 0*44 to 0*99, and it is pos- 
sible that if the oxalic acid is present as calcium oxalate, boiling with 
soda to preserve the colour might transform some of the insoluble and 
safe oxalate into sodium oxalate, which is poisonous. Leafy vegetables 
from the spinach family (polygonacese) contain oxalic acid mainly as 
calcium oxalate. The figures for spinach vary from 0*29* to 0*93,2 beet 
leaves 0*62-0*75, and sorrel, which belongs to the related buckwheat 
family, 0*27 per cent. Other figures* are: cabbage, 0*005-0*009; leeks, 
0*017; lettuce, 0*002; rutabaga, 0*014: strawberries, and tomato, 
0*026 per cent.* 

The amounts of benzoic acid, both free and combined as a glucoside, 
in the cranberry and presumably in the whortleberry vary from 0*021 
to 0*061 per cent. This will be excreted as hippuric acid in the urine 
and may outweigh the alkalinity of the ash of those fruits. 

Summarizing this chapter we may say: 

1. The mineral elements which concern us most are calcium, iodine, 
iron, and phosphorus. 

2. There is evidence of widespread lack of the three first in the diet 
of Great Britain if the usual estimates of the daily needs are accepted. 
Elsewhere, e.g. in India and China, the lack is still greater. 

3. There is no reason, even in cases of poverty, why tliese needs 

should not be met. 

4. A balance of acid-producing and alkali-producing foods is essential 
only when the kidney has difficulty in secreting acid or alkali. 

* Most of the figures quoted arc from Winto.s*. (1935). Strudure and Composition 
0/ Foods, vol. John WHcy & Sons. 

* Yeh and Adolph. (193^). Chin, Journ. Physiol. 13, 209. 

* To prevent the oxaluria caused by eating spinach and rhubarb all tliat ib 
necessary is to take some milk or cheese at the same meal, Haktlett. 

Lancet, 574. 



CHAPTER V 


THE FUNCTIONS OF FOOD {continued). 

(TV) THE SUPPLY OF VITAMINS 

In 1912 «'i revolution in our ideas concerning the indispensable 
proximal constituents of a diet occurred.' Up till then it had been 
assumed that if the diet were adequate as regards Calories, protein 
(with fats and carbohydrates) and mineral elements, it would suffice 
for optimal nutrition. Since then we have added, one by one, indis- 
pensable organic catalysts which must be taken in the food either 
preformed or in a fonn which can readily be transformed into the 
specific catalyst. These exogenous catalysts we call the vitamins. 
Intense research upon this subject has given us in the last three decades 
very clear knowledge concerning the chemical nature of these catalysts 
and to some extent of the way in which they work. .Although finality 
has not been reached, we none the less feel that it is improbable that 
any similar new surprise will be sprung upon us, and that the main 
lines have been sketched out so that it remains to fill in the details 
only. At any rate, looking on the matter from the point of view of 
practical dietetics we have such a body of knowledge that we can 
improve the feeding of the individual and the nation immensely by the 
supply of foods containing the known ntamins. 

W'c have spoken of a revolution in our ideas in that sundry organic 
catalysts, in addition to the normal gross substances — proteins, fats, 
carbohydrates and mineral elements — are indispensable. AU revolu- 
tions have their seeds in the past and althougli it was not until 1912 
tlial this particular revolution shook the theory of dietetics to its 
foundations, the first nnnours were by then 300 years old, long before 
the dawn of inorganic and organic chemistry. The revolution was the 
result of the convergence of three lines of research. 

1. Empirical observations that a food, e.g. the lemon, is a specific 
against a particular disease. 

2. The disco\ cn,' that animals can suffer from such diseases and the 

* For much of the discussion \vc are indebted to Dr. Leslie Harris. (1951), 

I ilnmtus a Digest 0/ Cuncnl Knoivledgc, Churchill; Medical Kescarch Council’s 
Report. (1032). a Survey of Present Knowledge*, McCollum, Orient- 

Kr.iLLS, aiul Day. (1939). 7 he ewer Knowledge of Nutrition, 5th edn.: Rosex- 
»ERc; 1104^). Chemistry and I’liysiologv oi the Vitamins. Bicknell and Prkscott. 
(• 953 ). 'I he 1 itamins in Medicine. 
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foods which are specific in curing them in man are specific for those 
animals. 

3. Experimental results of feeding animals with highly purified 
food-stuffs. 

Empirical Observations. Scurvy is a disease which has been known 
from the time of the Dark Ages. It appeared during various sieges in 
history from that of Acre to that of Kut-el-Amara in 1917. It accom- 
panied the sailor on his long voyages before the steam era. It dogged the 
footsteps of the Arctic and Antarctic explorers and may even now be 
seen sporadically in poor people, usually bachelors or spinsters, or in 
aged people whose diet is at fault. As long ago as 1601 the East India 
Company discovered that the disease could be kept at bay or cured by 
the juice of lemons and oranges. This fact was rediscovered by John 
Woodall in 1639, by Kramer in 1739, and by Lind in 1753- During the 
potato famine 1845—7 scurvy broke out in Ireland, and in post-vitamin 
days the same has been observed. Stefansson cured colleagues sick with 
scurvy by giving them a diet of (mainly) raw meat. 

In all this there is more than a hint that scurvy is due to a defici- 
ency” in the diet and that freshness of the food is in some way or 
another a specific. 

Beri-beri is a disease of the East which was known in China in 2600 
B.c. Takaki, in 1882, decreased the high incidence of beri-beri in the 
Japanese navy to vanishing point by altering the diet. He added fish, 
meat, vegetables, barley, and condensed milk to a diet consisting 
predominantly of rice, and the disease disappeared. Eijkmann. 1890 
and 1897, discovered that the disease occurred when the diet was 
mainly composed of polished rice and could be cured by feeding the 
rice polishings. Here again was a disease caused by a food deficiency. 
Takaki imagined that the deficiency was animal protein, though 
Eijkmann's much later observations did not support that interpretation. 

Pellagra is a disease of maize-eating countries, e.g. Spain, Italy, 
Rumania, Egypt, and the Southern States of the United States. 
Although a commission appointed in the United States came to the 
conclusion that defective sanitation was the cause of pellagra, one 
member of that commission, Goldbergcr, was convinced lliat it was 
dietetic. In a pcllagrinous area, those who ate more meat, eggs, or 
milk escaped while those living on a poorer diet were attacked. Again 
a deficiency of the diet was inculpated, tliough Goldbergcr tliought for 
many years that the cause was a deficiency of first-class protein rather 
than of a specific catalyst or vitamin. 

Rickets. For a hundred years or more the connection of rickets witli 
a faulty diet was suspected and a specific — cod-liver oil — known. 
Schuettc, writing in 1824, said that "its potency may be due to an 
imponderable amount of substances which produces marked changes 
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in the body, but cannot be determined by the chemist.” Cheadle in 
1899 wrote that ‘‘Rickets is produced as certainly by a rachitic diet 
as scurvy by a scorbutic diet”; and Hopkins in 1906, adumbrating the 
discovery of the vitamins; “In diseases such as rickets, and particularly 
in scurvy, we have had for long years knowledge of a dietetic factor. . . . 
I'hey !;thc errors in diet] are, however, certainly of the kind which 
(romprises these minimal qualitative factors that I am considering. 

Tiius there arose an idea that some diseases are connected with 
a deficiency of specific factors, not proteins, fats, carbohydrates, or 
inorganic elements, but accessory thereto. What the functions of these 
accessory factors were was not by any means clear. Did they counteract 
the effects of a constituent of the diet present in excess or were they 
important because of some positive, and not negative, contribution 
which they had to make? At first Eijkmann considered that the factor 
in rice polishings had the function of combating the effects of an excess 
of carbohydrate in the diet, but later developments in his own and 
otlicr researchers’ work pointed conclusively to the view that these 
accessor}' factors were needed in diet, not for any neutralization of the 
effects of the main constituents, but because they catalysed some of the 
normal functions of the body. 

Evidence from Diseases in Animals. Perhaps the most valuable 
discovery in dietetics is that animals may suffer from deficiency diseases 
which are like those of the human being. Eijkmann in 1890 showed that 
chickens suffered from a disease very- like human beri-beri, and that it 
could be produced in them as in man by a diet consisting of polished 
rice and cured in them by rice bran and (in later work) by watery and 
alcoholic extracts of rice bran. Holst and Frdlich in Norway, trjdng to 
extend ICijkmann’s work to guinea pigs, discovered that the unbalanced 
diets they gave resulted in a disease that closely resembled human 
scurvy. In post-‘\'itamin” clays these observations have been extended 
to other animals and it has been found that the rat can suffer from beri- 
ixri. or rather a paralysis which closely imitates the paralyses seen in 
human beri-beri, from an eye disease' the later stages of which are 
xeroi>lUhalmia and keratomalacia, and from rickets; the dog from 
black-tongue or the Stuttgart disease — which has something in common 
with pellagra — and from rickets; the pig from pellagra, and thedomestic 
fowl from rickets as well as beri-beri. 

It is not too much to say that the discover}’ that animals suffer from 
the same deficiency diseases as man made the astounding rate of 
advance of our knowledge concerning the vitamins possible. Without 
thi m we should still be debating the cause of the so-called deficiency 
diseases. 

' rdinR to a communication to one of us. Hopkins was aware of this, and 
of I lie cure by green food in 1900. 


EVIDENCE FROM SYNTHETIC DIETS ng 

Evidence from the Feeding of Synthetic Diets. Although the scientific 
and experimental foundation of the doctrine that there are such factors 
in diet, present in minute amounts and essentia! to life, must always be 
associated with the name of Hopkins, whose work on the subject was 
begun in 1906 and published in 1912, there had been indications of the 
possibility of these factors in the work of Lunin, iS8b; Socin, 1891, 
Pekelharing, 1905: and Stepp. 1909, 1911. and 1913- these 

postulated something in natural food other than the known ])rincii)al 
ingredients — proteins, fats, carbohydrates, and mineral elements 
essential to life. The work of the three earlier investigators was over- 
looked either because the physiological world was not yet sensitive to 
the implications of it or because it was. as in the case of Pekelharing, 
published in the Dutch language. Stepp’s work on the lij^oids came at 
a time when other workers were preparing tlie way and only helped 
to confirm the views so admirably stated and so well based on sound 
experimental work in the classical paper of Hopkins in 
well been proclaimed “Der geistige V’ater der Vitaminlehre. 

Hopkins fed young growing rats on a diet of highly ])urified protein 
(caseinogen), lard, starch, cane sugar, and inorganic salts. Ihey failed 
to grow after a few days and then declined in weight till at the i<Sth 01 
20th day they weighed no more than at first. If, to the rats on tliis diet, 
there were given at a different time of day 3 ml. of fresli milk or small 
amounts of an extract from mangolds, or of protein-free and salt-free 
extracts of milk solids or of yeasts, tlie animals grew at a rate compar- 
able with the normal growth on a mixed diet. Moreover, the animals 
looked fit and were active, whereas those on the purified <liet were not. 

Many possible, objections to the validity of the conclusions of Lunin 
were ruled out by Hopkins’ work. He showed that the lack of grcnvth 
was not due to the monotony of the diet or to its lack of palatabilil\ or 
flavour. Nor was it due to lack of consumption or failure in absorj)tion. 
The animals which showed the decline in weight and heallli were 
consuming more than a sufficient (juantity of food to maintain health. 
In fact they often consumed more of the basal dietary than the anini.ds 
which were growing satisfactorily on the basal diet plus the additions 

mentioned above. 

The additions did not supply much energy- Even with milk tin- 
addition was only 4 per cent, of the total energy of the diet eaten, 
whereas with the extracts of milk or yeast the addition to tlie etu-rgy 
value of the diet must have been exceedingly small, for lliey worked 
in "astonishingly small amounts." 

This work of Hopkins clinched the case for the “accessory factors 
as he termed them: these are substances — not proteins, fats, carlio- 
hydrates, or mineral elements— c*ssential to life, hunk christene<l thes<- 
accessory factors "vilantiiies." He put forward the theory tliat 
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scurvy, beri-beri, pellagra, and possibly rickets are caused by the 
absence from the diet of "special substances which are of the nature of 
organic bases, which we will call the vitamines." The name caught the 
popular imagination and, though it has been shorn of its e because 
it wrongly suggests that all the vitamines arc amines, it still holds the 
field. We do not propose to give any account of the floods of research 
in all countries on vitamins, but to jump to modem times and try to 
explain the state of affairs at the time of going to press. 

There are at least seven important vitamins intimately concerned 
with human nutrition and there may be many more. Each, as its 
chemistry is made clear, has been or will be given a name which will, 
it is hoped, take the place of the provisional letters assigned to them 
while they were observable only through their acti\ity and not in the 
isolated form. By to-day we know the chemistry^ of most of them, and 
can synthesize them. The facts thus discovered make us wish that the 
name vitamin had not been invented. ("Accessory factors would have 
been much better.) Chemically speaking, it is wrong because some of 
them contain no nitrogen. And practically it is unfortunate because the 
lay public, and others, assume that because they have the same name 
tlicy all behave alike, c.g. that they are all heat-labile, or that they all 
occur in the same food.' Nothing is further from the truth. One food 
may be excellent for one vitamin and yet be total)}' devoid of another. 
One vitamin may be unstable to heat whereas another is so resistant 
that it may be distilled at a high temperature. It may take years to 
eradicate from the minds of the public the false ideas sown by the use 
of the term vitamin. 

Provisionally as their effects were discovered the vitamins w’erc 
labelled A, B. C, etc., after the letters of the alphabet. Then B proved 
to bo not a simple substance but a mixture of substances, and so we 
lia\ o been saddled with B^ and Ba also is a complex, in fact wc have 
readied a baker’s dozen of BB! As it is, names for \htamins are in a 
transitional state. The old alphabetic nomenclature has not vanished 


nor is the new completed. 

.\nollRT difficulty must be staled. The action of what wc used to 
think of as one chemical substance may be performed by two or more 
substanci’s having similar chemical stnictures or similar configurations 
in sjnice. Keys to pick a lock need not be identical, but they must have 
some general likeness. Similarly two substances which may cure rickets, 
though they may not have identical structure, will have closely 
approximating structure. The most illuminating examples are the 
various substances produced by ultra-violet light on the sterols. One 


1 l*c»r example: You can kill them vitamins if you only boils 'cm long enough/* 
“Wholemeal bread only is useil for the vitamins." “We give plenty of fruit and 
\egelables for the vitamins*’ hir which see anv popular article on diet and many 
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will cure rickets in rats but not in chicken, another in chicken but not 

in rats, whereas both are curative in man. 

Finally, there are substances Uke choline, 
and amino acids, which enter into the structure o e iss ii„^ 

the less have activities hke the vitamins. They “ire 

vitamins for they enter into the structure of 
suggests callin g them ■■vitagens"-since vitamins are catalysts, often 

forming part of the prosthetic end of an enzyme. > 


Vitamin A and the Active Carotenoids 

Vitamin A is a colourless alcohol which is taken either 
as such (e.g. in liver or liver oils) or as a '^"°"n 

orange-coloured terpene carotene (e.g. m palm oi , . . 

vegetables). The carotene, or allied substances sue as 
(from cape gooseberries, yellow maize, paprika, e c.). cc , j 
L-urchins, used as a food around the Mediterranean) 
into vitamin A in the intestinal walls. Other yel ow pig 
lutein (or xanthophyll, the yellow colouring ma er , 

zeaxanthine (one of the pigments of maize) ^ arotenc is tin* 

the active carotenoids arc not equally valuable Thus 
most active, having apparently half the activity o pre 

A, while a and v carotene have less. A 

We might expect ^-carotene to produce two molecules of ' 

It is symmetrical and it conceivably could be split ^ ^ 

halves and the adjacent ends oxidized to an alcolio ic gro \ . 
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2 molecules vitamin A . 


But feeding experiments seem to show that inolecu e ° , 

carotene has at the most only half the effect of preformc ^ 

This discussion is not so academic as it may seem, because in •’ 

of vitamin values the figures arc sometimes based on j , 

ments (biological assay) and sometimes on chemical cs ima c. 

* Harris, L. J . (1951), Vitamins. A Digest of Current Knowledge, pp- ^ / 
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carotene content. In using these tables, if only carotene estimations 
are available, the figure given should be halved. ‘ We judge foods by 
their vitamin A effect, not by their content of carotene, and we compare 
them with each other through the international sUndard. which is a 
highly purified sample of ^-carotene. o-6 /xg.* of this standard was the 
International Unit but it will now be replaced by 0*34 /xg. of vitamm 
A acetate. When 100 g. of a given food is equivalent in its vitamin A 
activity to say, 6 /xg. of the international standard we say that 100 g. 
of this food act as if it contains 6-^o-6=io I.U. vitamin A. 

\’itamin A is soluble in fats and fat solvents (whence its old name 
Fat-soluble A) and therefore in medicinal paraffin. It gives an intense 
blue colour in combination with antimony trichloride and also has a 
characteristic ultra-violet spectrum. Both vitamin A and carotene are 
insoluble in water and are tlierefore not washed out of food-stuffs by 
boiling or steaming. Though both arc susceptible to oxidation at room 
temperatures there is little evidence that vitamin A is destroyed by 
cookings even by such drastic processes as shallow frying, routing, or 
pastry-making, where the medium in which the vitamin is carried comes 
into contact with very hot air. Canning does not destroy it, nor doK 
it disappear from the milk in a milk pudding. Kon states that there is 
no loss when milk is dried.* 

The body has some difficulty in absorbing carotene, though not so 
much with vitamin A. This is especially marked when fat absorption 
in the small intestine is deficient as in jaundice, cadiac disease and 
stt atorrlnea. Medicinal paraffin oil cuts down the absorption of carotene 
and to a less extent of vitamin A. Consequently it is best to take that 
medicanuiit the last thing at night, as long as is possible after the meals 
containing x itamin or its precursor. 

The subtlest test for deficiency of vitamin A or its precursor is a 
mrasure of ability to sec in light of low luminosity. In the retina, or 
ratlur just behind it. is a layer of cells wliich manufacture a pigment, 
rhodopsin, which sensitizes the rods of the retina. The rods are used for 
\ ision in dim light. The pigment is bleached in bright light and has to 
be regenerated when the eye is adapted to the dark. As this pigment is 
.1 c{»m{H)und of vitamin .\ and protein, the power to adapt to darkness, 
i.c, tlie ]iower to regenerate this pigment, must depend on the presence 
of vitamin A in the blood. Consetiuently a measure of our power to see 
in the dark (which fortunatelv can be obtained with some approach to 


* SniiU' tlivicUnJ by thrt t*. 

- (.>nc n\icro^ramnic is one thijusaiulth part of a granune. It is now abbreviated 

UN fonnerly as y. 

^ UoAS-lwxsuN. Sut. /I/u. and Hew, 8 , 2S1. 

^ Kon*. SalHTc. 
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accuracy)* is a measnrc of our saturation with vitamin A. Many workers 
in the United States, Scotland, England, and Belgium are satisfied with 
the accuracy and constancy of this test, though others are sceptics. 

At a greater stage of deficiency, night-blindness, or inability to see 
in twilight, occurs. This trouble was described in Eber s Papyrus 
(1500 B.C.) and in Jeremiah xiv. v. 5. 6 * and is still present with us, 
in Newfoundland. Labrador. Ceylon. Nigena. China. Brazil, and the 
Dutch East Indies. It was seen in Newcastle as late as 1931 -3 Later 
follows the appearance of Bitot's spots, then xerophthalmia and 
keratomalacia. The two last arc due to microbic invasion of the con- 
junctiva of the eye and the cornea. If the keratomalacia is not arrested 
by a satisfactory diet the cornea perforates and total blindness ensues. 
In India to-day it is the chief cause of preventable blindness in children 
As many as 2 per cent, of the children in Ceylon are blind as the rcsul 
of obtaining too little vitamin A. That microbes can effect a lodgement 
in the eye is due possibly to two things, (.) a loss of the >>sozymc. a 
substance in the tears which digests microbes, and (11) degeneration of 

the epithelium covering the eyes. ,.11 tu,. 

Strictures of epithelial nature all over the body degenerate as 1 e 

result of deprivation of the body of vitamin A. Ihus the linings of the 
respiratory tract and the urogenital tracts ■ keratinue “nd are more 
susceptible to bacterial invasion. The skin itself alters its nature 
Babies are more likely to suffer from mild skin eruptions (Helen 
Mackay). In Ceylon* and Kashmir* an inflamed and coarsened con- 
dition of the skin (toad-skin, phrynoderma) is accounted for by a 

deficiency of vitamin A in the diet. .1 / *1 i ftK. 

Finally there is inco-ordination of the growth of the bones of the 
skull and the spinal column, so that they encroach on the nervous 
system and damage the sensory tracts. \ itamin A b> regulating the 
activities of osteoblasts and osteoclasts, co-ordinates the adjustment 

of bone and nervous system growth.** 

As a result of this degeneration in epithelial structures and in alfcrent 

neurones it is not astonishing that this vitamin was at one time termed 
the anti-infective vitamin. Afferent nerves have a trophic effect on the 
epithelia. Degenerate epithelia can be attacked by microbes. Diseases 

1 Maitka and HAhiOb Hakims uihI .Vkhasv. 

(1939). Lancet, 2, 1355 

* . their eyes did lad Utausc there was nn grass. 

» Si'ENCK. (193*)< tJis. Child.. 6, 10- 

* Nicholls, L. (1951). Tropical Sulrtlioti and Dieleltcs, 3rd edn , )> i.S'> 


» Wilson. (1939), Lancet, i, 1019. 

* Mellanbv. K. (1944). Uoy. Soc. Ji., 132, See also A Story of Sntn- 

twnal liesearch. (1950). by Sir Kilwarrl Mcllanby. Ikving. J. T. (1949). ./ I'hy^tol . 
108, 92, working on teeth an<l their sockets confirms Mcllanby’s view «if the cllect 
of A on iKine growth. 
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of the epithelia and glands—abscesses. broncho-pneumonia, stone in 
the kidney and bladder, puerperal pyrexia — are more common in 
animals and human beings when the diet is deficient in vitamin A. But 
although this vitamin, by preserving the epithelia, protects from 
disease, once the disease has got a hold, exhibition of the vitamin does 
not necessarily shorten the attack. It will certainly clear up a xeroph- 
thalmia, but it has no effect on a widespread infection. 

Like all the other vitamins, vitamin A and its provitamin, are 
rather erratically distributed among food-stuffs. The chief sources are 
fish liver oils, mammalian liver fats, fish body oils, dairy foods, and 
green and yellow vegetables. The outstanding foods for vitamin A are 
mammalian livers, ^ fish livers and fish liver oils, dairy foods, yellow 
fruits and vegetables, green vegetables (see table). Most other foods 
have amounts that are small to negligible. The cereals are credited 
with none at all, except yellow maize. 

AW the figures given arc for vitamin A potency and are not carotene 
figures. This provitamin is absorbed with some difficulty by the mucous 
membrane of the small intestine, so even if free from entanglement uith 
plant cell debris it does not pass in completely. Even if dissolved in 
edible oils some 33 per cent, escapes absorption. The carotene of boiled, 
sliced or purecd carrots s\iflers 75 per cent, loss and that of cabbage 
;uid spinach fio per ceiit.^ Medicinal paraffin oil taken \\ith these foods 
still fmlher lowers the amfiimt abscirbed. On the other hand homogeniz- 
ing the \ egetables increases it. 

W hen tables are given of the ^ carotene contents of foods it is 
usual to di\ide tlu* figure bv three to obtain the vitamin A values of 
the foods concerned. 

Amount of Vitamin A Required. Though there is general agreement 
about the average amount of vitamin A needed per day it must be 
recognized tliat individual needs may show the widest variations. The 
.•\nuric;ins mit tlic figure at 5000 l.U. for the adult man or woman; 
(.000 for . pregnant woman and the adolescent boy, 8000 for the 
nursing i .ther, 5000 for all girls over 13 years of age and for boys from 
n 15 ^ aildren under 1 they estimate need 1500 l.U. and the figure 
uses 1 >\ ^teps to 4500 for those between 10 and 12. These figures of the 
National Research Council appear liigli. Boolicr, in the United States, 
puts the figure at 3000 for the adult; Stickling at 4000; the League of 
Nations rerominends 5000 for the pregnant and nursing woman. This 

* r., aiul Smarman, I. M. Brit. Joxtrn. Sntr., 5, iio. Theextra- 

iirdiii.xry amounts whicli the human liver can ^tort• must account fur the resistance 
in* the subjects S. M Hume and H. A. Krebs* experiment on almost 
tMtal deprivaticui of vitamins A ur fi carotene. The only measurable oflcct was 
inabihtv to sue in the dark ;iud worMuiin^* nf hearinjr. Mai Cottficil 

Jil'porl, S(f. 
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Vitamin A contents of Foods per loo gm. (about 3J oz.) 


none 


Cereals. 

Yellow maize (as carotene) 330-900 
Flour, bread, cornflour, oat- 
meal, pearl barley, rice, 
rye, sago, etc. 

Dairy Foods. 

Butter 1130-4000 

Cheddar cheese, winter milk 550 

summer „ 144 ° 

1000 
70 
1 40 


II 


II 


Eggs 

Milk, winter 
summer 

Fish. 

Herring, fresh 
„ canned 
Liver oil, cod 
„ halibut 
Fruits. 


150 

30 

10,000-400,000 
3 to 36 million 


Meats. 

Beef, veal, mutton, lamb 
Pork and pork products 
Meat Offals. 

Heart 
Kidney 
sLiver, pig 
cow 
rabbit 


50 

none 


sheep 

sperm whale 
seal 


.joo 

1,000 

10.000 

15.000 

25.000 

60.000 

4.JO.OOO 

1,300.000 


Vegetables. 
Beans, green 
Cabbage 
^Carrots 
Peas (green) 
Potatoes 
Sprouts 


600-950 
900 (as carotene) 
9,000 

500 (as carotene) 
none 

400 (as carotene) 


Apricots and 

peaches 750 (as carotene) 

Tomatoes 3,000 (as carotene) 

Figures mainly from Roscoe and 1'IXSEN. / 

7 . 823 and (1939-40), 9 , 795 and Nuirilive Va/ucs of IVar/nne hoods (1951). 

H.M.S.O., except where indicated. 


diversity of figures suggests that we do not know the bes g * 
do we know how people vary in their requirements. I < ocs no 
that what is enough for one person is enough for another, 'or ex' l . 
though Booher, Callism and Hewston^ recorded signs of 
(impaired dark adaptation) in five subjects after 16, 27, 29, 3 ) ‘ 

145 days on a diet from which vitamin A or its precursers 
eluded, Hume and Krebs* had three volunteers out of > 

three who showed none after 20 months or more. Perhaps les 
had greater reserves. (At the lowest computation of the daily nee 
subject must have had one million units stored.) Possi ) y 
who are susceptible to deprivation are those who have la ci 
in absorbing the vitamin and so can store but little. In other wor s, 
vitamin though present in the food was not available. 

This problem of availability appears in the discussion o e\t y 


^ Except where stated the figures quoted arc from A ulrUite 1 olue of H 
hocis. (19^5). H.M.S.O. is. (id. 

* Moore, T.. and Sjiarman, 1 . M. (195*). ‘ 

* Booth, V. H. (1948). Drit. Journ. Nutr., 1, 113 ... 

* Booker, I,. E., Callisok, F.. C., and Hf-wston, K. M. (ioSO), Journ. 

* Humk. E. M„ and Kreus, H. A. Med. lies. Counc. Special lieport Sertes. 204. 
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-nutrient" the body takes. Are all the Calories from this o^^a^ ^od 
available? We know that they are not. If the food is indigestible 
considerable fraction goes unabsorbed (e.g. high-meltmg-pomt fa , 
if there be much roughage present a smaller percentage of the food is 
absorbed than when there is little or none; if purgatives are taken more 
calorigenous material is unabsorbed; if there be diarrhcea or dysentery' 
the same is true. Proteins, as they occur in the foods eaten, have 
different availabilities according to their digestibility and to the 
accompaniment with other substances, notably roughage We have seen 
in the discussion on mineral elements that they too have different 
availabilities according to the form in which they arc presented, the 
presence of phytates and oxalates, the motility of the gut and* probably, 
the secretory activity of the stomach. (A hypochlorhydria will probably 
make the calcium and iron less available.) So too, when we turn to the 
vitamins we shall find the same considerations applicable, borne 
alimentary tracts will be able to extract more of the vitamins from the 
food within them than others. To take an extreme example: some ot 
the symptoms of sprue and the other dysenteries which beset the 
prisoners in Italian and Japanese prisoners of war camps may have 
been more due to vitamin deficiencies (particularly of the B cornplex). 
the result of defective absorption, than to the disease iUelf.^ And it 
may easily be the case that absorption of vitamin A or its precursors 
may be upset bv excessive motility of the gut. by the use of purgaUves 
and especially by the use of medicinal paraffin oil.s Consequently no 
hard-and-fast rule can be laid down concerning the vitamin A needs o 
an\- indic idual. Prisoners eating the same prison diet in Ceylon reacted 
to it differently. Some showed no signs of dietary deficiency, others 
showe<l avitaminosis A (phrynoderma 55 per cent., night blindness 
30 jtcr cent, and 17 per cent, keratomalacia) and still others showed 
avitaminosis B (neuritis, stomatitis and scrotal dermatitis). ^ Clearly 
no man’s need is exactly the same as another’s. Consequently, though 
we may accept the figures of 3000 to 5000 I.U. units a day as being a 
satisfactor}' intake of vitamin A, we must expect exceptions. ■ 

What classes of people attain this level? According to Crawford and 
Broadley* none, even in the AA class, achieve the National Research 
Council’s level; the AA and the A class only— well-to-do people— 
achieve 4000 1 . 1 ', per day. In 1938 probably all classes with an esti- 
mated weekly income per head of 43 shillings attained 3000 I.U. 
day. Investigations by the pupils of one of us (V.H.M.) into the dietaries 
of various schools of a charitable nature sometimes showed a marked 
deficit of vitamin A compared with even the low standard of 3000 LU. 
per day. Against the American figure the deficit was always much 

> Hloom. (1‘M4). Lauctt. (1044). 2, 558. 630. 2 lancet. (i 94 -lh 2, 38*- 

3 NiciioLt.s. ii«>44). ibid . i, *>30. * The People's Food, 157. 
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greater, being 30 to 50 per cent, below. At one well-fed school, the 
quota of vitamin A was attained only because the children had cod- 
liver oil each day. otherwise there would have been a senous ^ficit. 

And yet even the American estimated need is not too difficult 0 
achievement. In summer it is easy— a diet containing milk, butter 
cheese and green vegetables makes it certain. In February. March and 
April perhaps it is not so easy, and recourse should be had to reinforcing 
fish sauces with cod-liver oil where it is undetected, or to liver, liver 
p^t6s or liver sausage. Probably it is wiser in winter to keep to c 
standardized margarines rather than butter which by the nature of its 
raw material cannot be. or has not been up to the present, standardized. 


Thiamine 

After intensive work in Dutch. British. Japanese, and American 
laboratories, a crystalline substance was obtained from rice )ran or 
yeast in quantities which could be submitted to chemical analysis. 
The result of the analysis pointed to the following structure, w nc 1 was 

confirmed by synthesis 


N=CNH,.HC1 


CHaC C 


N— CH 


CHa—N 



CHj 

I 

C 

CH -S 


C.CHaCHjOH 

I 


This substance consists of a pyrimidine ring (left) which is of frequent 
occurrence in substances interesting in biochemistry (c.g. nuc eins. uric 
acid, caffeine) and (right) a thioazole ring wliich is unique in bio- 
chemistry, though not in commercial chemistry. As ‘ 

contains sulphur Williams suggests the name thiamin for it . c .s lou c 
probably prefer to write it "thiamine." Donath had suggestec 
"aneurin" in the days before its structure was known. 

Thiamine is very soluble in water, and consequently some 50 p^‘i 
cent, goes into the surrounding fluid when fruits and vegeta > es are 
boiled. Potatoes boiled in their skins lose only 10 per cent, of their 
thiamine, whereas peeled and boiled they lose 25 per cent.=* 

This vitamin is somewhat sensitive to high temperature, t loug 1 
at the temperature of boiling water the loss by decompo.sition is 
negligible. At higher temperatures, however, the loss is 
consequently foods^ more particularly meats and fish, wliich Ikinc icn 

» >ViLUAM8 and Spies. (1938), Vitamin Bi and Its Usexn i^AMs^antl 

milian Co. Williaus. (193O). Joxtrn. Amer. Chem. Soc., 58, 10O3. 

Cline. (1936), ibid., 58, 1504. 

* Baker and Wright. (1935). Biockem. Journ., *9, i8oi. 

Kpd 
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canned and “processed*' at a high temperature, 

considerable loss. For example. Spruyt and Donath found^ that puffed 
rice, which is exposed to 15 atmospheres’ pressure at 150 to ibo L., 
is devoid of thiamined Losses up to So per cent, have been reported 
when meat is canned. Consequently, although we need not take into 
account the loss caused by the ordinary processes of cookmg, we should 
not rely upon canned foods for our thiamine. Condensed rmlk, however, 
is free from this stricture. There is no loss of thiamine dunng the baking 
of bread made with yeast, but baking-powder apparently destroys the 
thiamine in the flour and soda destroys it in soda cakes and scones. The 
vitamin is stable in the presence of acid but not in that ot alkali. 

Thiamine is. however, sensitive to sulphite even when the medium 
is acid, and destruction is quite rapid at pH 6 - 6 , the acidity of milk. 
Sulphite is permitted in sausages in this. country to preserve them, 
thougli the fact must be declared. Pork contains a comparatively larp 
amount of thiamine but as siilphiting results in appreciable loss of the 
vitamin wc must not count on pork sausages as an important source ot 

that vitamin. . , • , • 

When thiamine is markedly deficient in the diet, ben-ben occurs. 

This disease is of tliree types, (i) “Dry,” when the main symptoms are 

neuritis and paralysis, (ii) “Wet.” when they are mainly serous effusions 

and a^deina. amr(iii) “Fulminating” or “acute” with sudden onset of. 

cardiovascular symptoms. Infantile beri-beri is nearly always of the 

last type. „ , • i. • 

Since the diet, even in the Orient, is never totaUy dehcicnt in 

thiamine, the onset of the diseases is insidious. It starts with fatigue. 

seusitions of lu-avi a-ss and stiffness of the legs, and inability to walk 

long distances. TIk n come headache, loss of appetite, dyspepsia, 

dizziness, and slow lu-artbcat. And last, sensory and motor paralyses 

(starting first in the lower extremities) and thence progressing up the 

bod\'. The early symptoms are sometimes seen in this country in people 

on a' diet for peptic ulcer, and sometimes the later. 

In a study by Ancel Keys and his co-workers^ on human volunteers 
restriction to 0-185 mg. of thiamine per day for 161 days resulted in no 
obvious symptoms, even when the subjects of the experiment were on 
a synthetic diet, but when the intake was cut down to 0-03 mg. per day 
(or o-ooiS mg. per 1000 Calories) severe symptoms rapidly appeared, 
rho order of appearance was (i) anorexia and nausea, (ii) depression 
;ind unwillingness to continue severe work, (iii) presence of lactic and 
pyruvic acid in the blood, (iv) sensory and cardio-muscular disturbances, 
iind loss of endurance to hard work, (v) loss of intellectual faculties. 
The anorexia appearerl as early as ro days and the nausea and other 

' ijiiotcil bv Uo.\s-l'ixsi;.\. Sul. Abs. ami Rev., 8. jSi, 

- Kkvs, A- el alii. (1945). Joiirn. Physiol., 144, 5. 
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symptoms began in 14 to 21 days. Giving i or 2 mg. of thiamine per da\- 
rapidly cured these symptoms.^ What is wrong in the earlier stages of 
beri-beri is an upset of carbohydrate metabolism in the central nervous 
system. Once the central nervous system is thrown out of gear it seems 
probable that all the other symptoms of avitaminosis B, occur as the 
result of its incapacity. 

It has always been suspected tliat carboliydrate metabolism is 
somehow associated with vitamin B; and now we know th<it one 
moiety Bi, is essential in the formation of a ferment which catalyses 
the oxidation of pyruvic acid, one of the stages in the metabolism of 
glucose. Thiamine is a co-carboxylase. No other known vitamin has 
the same effect, nor does absence of any other vitamin from the diet 
induce this inability to deal with carbohydrate. The metabolism o 
carbohydrates breaks down at the stage where pyruvic acid should be 
destroyed. It is significant that pjlruvates appear in excess in the blood 
of rats and pigeons which liave been deprived of thiamine 111 their 
diet and in beri-beri patients. 2. 2 The failure to remove the ijyruvic acid 
in nervous tissue — it is one of a cycle of reactions brings nerve- 
cell metabolism to a standstill and so destroys activity. Whether 
thiamine is essential to carbohydrate metabolism in other tissues o t e 
body must remain an open question for the present. It is enough that 
it is essential for the normal activity of the central nervous sv stem. 

The International Unit. This originally was taken as the activity of 
10 mg. of acid adsorbate from an extract of rice polislnngs. In iuture 
pure thiamine will be used as a standard. 'Ihe relation between it and 
the old Unit is that 3y of the pure substance has the activity of one 
International Unit. Further research may result in a readjustment of 
the standard unit, for the figure decided upon is the mean of <i largi 
number of observations, not entirely concordant, by different people. 

Thiamine is widely dislributed among foods but nearly always in verj 
small amounts. The only foods with outstanding amounts are pork and 
pork products, offal, cod roe, wheatgerm* and oatmeal. 

The amount needed per day is a matter of some discussion. /\ncel 
Keys' subjects® remained normal on 0'i85 mg. per day. where.is tin 
Mayo Clinic volunteers showed unmistakable symptoms on 0 4 to 
^'45 nig. per day.® 

* Andukson. .\I., Mickiclskn, O., atul Kkvs. A (lo-io). jiuitu. .Iwn /nn. 
■ isi.. 22, I. 

» I'ETEjts, K. A. (ifjy.,). /’roc. Hoy. Soc. Med.. J2, H07. It is not vitamin Hi n. 
such, but the pyrophospliatc of the vitamin which lias tliis action. 

* Hlatt and Le. (1939), lliochem. Jouru . 33, 15-^5 

* According to Hinton. (1944). Diochetu. Jouni., 38, ^14, 59 percent. tiiiamiiu- 
id in the bcutcUum of the wheat. Wakd. {1943). Chem. iitid /tui.. 1 1. istirnales tiie 
content of the scutellum and the epithelial cells on the •ndosperiii m<I<' "* 
srutclhim at the high level of 49 and 42 I.U per g. 

* Op. eit. * Williams and Mason. (1941). Hroc. Mayo if>. 433- 
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Thiamine in Foods mg. per ioo g. as purchased 


Cereal Products 


Biscuits 

0-035-0 -060 

Bread 80% extraction 0-150 

Cakes 

0-085-0-160 

Macaroni 

0-075 

Oatmeal 

0-450 

Kicc (highly milled) 

0-080 

Semolina 

0-090 

Wheat (processed) 

2-100 

Dairy Products 

Cheese 

0030 

Milk 

0-045 

Eggs 

0-132 

Fish, white 

0-024-0-057 

Herring 

O-OOfr-O-OO/ 

C'od roe 

1 -500 

Fruits 

O -OI I -0 -056 


Meat 


Bacon 

O-5IO-0-546 

Beef 

0-044-0-080 

Heart 

o-6oo 

Kidnev 

0 

• 

0 

Liver 

0-400 

Mutton 

0-136-0-147 

Pork 

0-598-0-662 

Sausages (pork) 

0-170 

Veal 

0-058-0-062 

EGETAULES 

Peas (green) 

o-i68 

Potatoes 

0*090 

Vegetables 

0 023-0*102 

(other) 

east Extracts 

2 *400^3 -000 


A harcl-and-fiist estimate cannot be given because: (i) There is the 
probability of vari<ibility. Persons on exactly the same diet and in the 
same circumstances may need different amounts. (2) Absorption in 
different {persons may be different. {3) There is an undoubted relation 
between Calorie output and the need for thiamine, and the amount 
needed may vary more witli the amount of Calories obtained from 
carbohydrate than from the rest of the food. Increase of Calories in the 
food or of poisonous substances without concomitant increase of 
thiamine may ]‘‘recipitatc an attack of neuritis. (Alcoholic neuritis and 
jiossibly the neuritis of pregnancy are connected with tliis.) (4) Fat, 
and more particularly the fatty acids with 6, 8. or 10 carbon atoms, 
reduce the need for thiamine —another testimony to the value of milk 
anil butter in the diet. (5) The microbic flora of the gut and the thiamine 
they hand over to their host may vary from time to time and person 
to person. 

i he best thing we can do at the present time is to give the estimates 
of the Natifjnal Research Council of the U.S.A. (194S) and the British 
Medical Association report (1050). 


Man, 


70 kg., 



N.R.C. 

B.M.A. 


mg. 

mg. 

Sfdcntarv 

1-5 

I 0 

moderatclv active . 

1 -8 

1 -2 

N cn,- active 

2-3 

1-5 
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Woman, 56 kg., sedentary 

moderately active 
very active . 
pregnant 
nursing 

Child. Under i year 
1-3 years 
4-6 • 

7-9 .. • • 

10-12 ,. 

Girls 13-15 

16-20 ,, 

Boys 13-15 
16-20 


X.K.C. 

ing. 

I -2 

1-5 

1-8 

1-8 

■ 2-3 

0 - 4 
0-6 
0-8 
1 -0 

I -2 

1 - 4 

I -2 
I -6 

1 o 


I3I 


15.M..\. 

mg, 

0-8 
I -o 
1-4 

1 I 
1-4 
0-3 

0 - 5 
0-6 
0-8 
I -o 
I -I 
I o 

1 - 3 
1 '4 


We are aware that there is a big margin between the amount \s nc \ 
will prevent bcri-beri and the amount which is optimal, fins margin 
exists because we have no accurate way yet of gauging the optima 
figure. Are the lack of appetite, lassitude, dyspepsia, consbpation and 
the many other symptoms of the patent medicine advertisemcn s, an 
indication that wc are not obtaining sufficient thiamine. Who can 
teU? It may be so. On the other hand the apparent disappearance of 
these symptoms on increasing the intake of thiamine may 
same origin as the disappearance of symptoms after taking a pa cn 

medicine. , 

It wiU be shown later that a diet whicli is planned on the usual 
British convention and at the same time is satisfactory as regards 
calcium, iron and phosphorus, and vitamins A, C, and D wil con am 
about 1*8 mg. thiamine and is therefore presumably safe, bor t ic res 
we should advise increasing the intake in pregnancy and lactation by 
the use of marmite, Bemax and other Bi preparations and. alter 
investigating the diet, trying the effect of similar additions in any 
neuritis' or even in the vague malaises, fatigues and dyspepsias whicti 
are so common. The disappearance of symptoms after taking t 
must, however, be critically and scientifically examined. Investigations 
by students of King's College of Household and Social Science (now 
Queen Elizabeth College) in 1943-4. under the supervision of MibS 
Margaret Grant, of the diet of schools of the public assistance tyjie 
showed that the probable intake was in all cases well above the Ameri- 
can figure— i.e. highly satisfactory. This was a tribute to the 
wheatmeal bread of 85 per cent, extraction. It is indeed very difticim 
in this country to go without the quota of thiamine when eating «5 

'Theobald. (1936), Lanc€t. x, 834. Yodkin. (1938). ■ 

(»938), JLanett. x, 831. 
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per cent, extraction bread. One of the problems of the future is to get 
thiajniiie into the loaf and yet preserv’^e that “whiteness” which is the 
desire of the millers, bakers and populace. 


Vitamms of the B2 Complex 

Undoubtedly the vitamin effect first studied as the result of 
Eijkmann and Grijn’s work was that of thiamine and it was assumed 
that there was one single vitamin: water-soluble B in the bran, yeast, 
liver and other foods investigated for this action. But as work pro- 
gressed it became clear that there was not one vitamin only, but many. 
With the progress of research the vitamins in these food stuffs have 
extended their ranks like the oysters in a famous poem. Often the clues 
to their existence were given by microbiolog5^ Yeasts were stimulated 
to grow by such and such an extract but not by others. Microbes, such 
as lactobacillus casei, are ver^’ exacting and specific in their demands for 
vitamins. Some can synthesize one and not others. And by collating this 
work with experiments on vertebrates a long list of vitamins essential 
for vertebrates has been established. They are usually spoken of as 
the IL complex — an indifferent term. How far they all are important 
in human dietetics, as opposed to dietetics for microbes, is at present 
uncertain, for, though perhaps essential for human metabolism they 
may be of little importance in dietetics because (i) they are so wide- 
spread among foods and so little is needed per day that no one should 
e\er lack them from the diet, and (ii) the microbes of the alimentary 
tract svnthesize the wanted factors and hand them over to their liost. 
This may at times happen even with thiamine.^ They may have im- 
l)ortance in medicine, as apart from dietetics, because sulphonamicles 
gi\-en by mouth check the activity of the microbes inhabiting the gut, 
and may perhaps induce vitamin deficiencies. 

Of the different moieties of the “vitamin complex” we name 
riboflavine, nicotinic acid (or nicotinamide), pyrido.xine, biotin, 
paraminobenzoic acid, pantothenic acid, choline, inositol, folic acid and 
cyanocobalamin (B12). There arc others. We are certain that riboflavine 
and nicotinic acid (or nicotinamide) among these are important in 
human dietetics. We know now that biotin is essential for human 
metabolism but unless huge amounts of raw eggs which render biotin 
\mavailable are eaten it is unlikely that any deficiency of biotin in the 
tlietary will be ex]KTiencod. It is possible that the other substances 
mentioned may be important too, but more in medicine than dietetics, 
for sulphonamidc tbcrai)N- will stop the activity of the symbiotic 
microbes of the gut and cut off the source of supply of these vitamins. 


> (Juutcd by Kouinson. (1944), Chem. and Ind., 3SO. 
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Ribofiavine 

Riboflavine is a condensation product of ribose, which is a pentose 
sugar, and jsoalloxazine as shown in 

OH OH OH 


CH* 


CH,OH 


H H H 


CH N N 

/ 

CHj.C C 

1 1' i 

CH3.C C C NH 

\/\/\/ 

CH N CO 



It was extracted from many foods, notably liver, milk, butter, and 
egg-yolk and was called hepatoflavine, lactoflavine, etc., according 0 
its origin. When these substances were shown to be identical and the 
pentose sugar to be ribose, it received the name riboflavine. t is a 
greenish-yellow water-soluble pigment, and may appear free orm \anous 
combinations with phosphoric acid, adenine and protein in the o( 
Warburg had already described a "yellow ferment” which catalysed 
oxidations and reductions in the cell, and this ferment is a compounc 
of riboflavine, phosphoric acid, adenine and a protein. Riboflavine is 
essential for the growth of experimental animals, hor if these are er 
on a diet of satisfactory Calorie value which contains only the vitamins 
A, Bi, and D, growth eventually ceases, but starts again when an 
adequate amount of riboflavine is given. It is not a big jump to sugges 
that riboflavine is a vitamin which is essential for the manufacture ot 
Warburg's yellow enzyme, and that growth depends upon the prc.stnci 
of this enzyme. 

Riboflavine can be detected either free in the animal bod>- or as a 
compound with phosphoric acid, as a dinucleotide with adeniiK anc 
as these two last in combination with a specific protein. 1 he first iree 
are readily absorbed by the alimentary tract but the combmalion witfi 
protein, found in vegetables, Ls not absorbed unless cooking has sc le 
riboflavine free from the protein. It regulates not only carbohjera c 
metabolism but also fat and amino acid metabolism. 

Normally, human beings excrete some 500-800 fig. I’cr a> 
and the body has no storage capacity for this vitamin as is t ic case, 
too, with thiamine. As it is an important vitamin for rats, 
chicken and turkeys, it is not astonishing to find that it is impor an m 
man. Work by Sebrell and Sydenstricker in the United States has 
proved not only that it is important but that deficiency m t le c ic 
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shows itself in a definite set of s^Tuptoms. These are angular stomatitis 
(cheilosis), a cracking of the skin with ulceration at the comers of the 
moutli, a scborrhceic inflammation in the labionasal fold, inflammation 
of the tongue which loses its papillse and turns a magenta red in colour, 
becoming very sore, and an invasion of the cornea of the eye with blood 
capillaries. The last is perhaps the best diagnostic sign and the tentative 
explanation given is that riboflavine assists in oxidations in parts of 
the body where there is no blood supply and that the invasion of the 
cornea is an effort on the part of the body to supply oxygen when, owing 
to deficiency of riboflavine, the oxygen tension in the cornea is low. 

Other defects of vision tentatively associated with lack of riboflavine 
arc lowered capacity of seeing in the dark (compare avitaminosis A) 
and amblyo]>ia.‘ This amblyopia may be due to a central or a ring 
scotoma. 2 Riboflavine is useful in treatment of these troubles, but 
nicotinamide in addition may be essential. 

These last abnormalities of \’ision were shown in Japanese prisoners- 
of-war camps, and arc due to.diets defective in more than one essential. 
The problem for us is whether aflavinosis is at all common in "normal” 
times and surroundings. The answer is: yes. Hon^ reports it as wide- 
spread in China. Nidiolls^ describes it in prisons in Ceylon and among 
childri n admitted to a children’s hospital in Ceylon. In the United 
states. Sehrtil and Sydenstricker have described cases among the poor 
and in this country ])hysicians have seen angular stomatitis clear 
lip on gi\ing ribofla\'ine. Sydenstricker, who made widespread in- 
vi'stigations in (In at ihitain during the Second World War, discovered 

tliat aflavinosis is very r.ire in tliis country. This absence has been 

» % 

somi what carelessly attributed to our consumption of beer, which 
cannot be the case, for teetotallers suffer no more than beer drinkers; 
aiul it cannot be due to tea drinking because the then 2 oz. ration of tea 
pt r wtfk ran l»y no means cover the sujiposed needs of the body.^ 

K' ( omniemlations by the National Research Council of the U.S.A. 
are tliat athilt males should iiave 2*2 to 3*3 mg. per day according to 
.u ti\ iiy; women i -S to 27, and 2-5 and 3-0 in pregnancy and lactation 
la spectively; girls 2-o around iniberty and thence on i*S; boys 2-4 at 
pnl>eriy and 3-0 from ih-20: and children rising in equally graded 
>tt ps from u‘(» to I -t* mg, i hose amounts are almost certainly in excess 
-'f what people actually obtain in (ireat Britain, and there is evidence 
that less will {prevent the appearance of symptoms. Tluis when the 
dirt in a camp in North Africa contained on the average i*6 mg. of 
MVilkinson ruul Kin'<l Lancrt. sjS. Some think this condition is 

-liKlLWKS (I'.LJ.l). LiifUt'!, 2, 227 

11 '):: 1 1040 ), .Ijtiiittl (lit' Ihnry of Mrd. lies., 

^ Nhinn.i.s. lAtfutt. 1, 

'• 1 wo ounces of tva uouUt virld 7^ por day. 
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riboflavine per day no stomatitis was seen, whereas when the riboflavine 
content of that diet sank to about i -o mg. it appeared in i6 per cent of 
the subjects. The stomatitis could be cured by riboflavine but not by 
nicotinic acid.' Macrae and others* have shown that when the average 
intake in the R.A.F. messes is 1-9 mg. no signs of aflavinosis occur. 
Consequently we may assume that the minimal dosage is between i -o 
and 1*6 mg. per day and in view of the immunity of the British s es 
to aflavinosis pay little attention to the riboflavine content of our dieC 
If the diet is sound as regards vitamins A and Bi, it is probably sount 

as regards riboflavine.* . 

In the table (page 136) a few estimates of the riboflavine contents 

of foods are given to two significant figures. Later work may alter t lese 

figures as the methods of estimation improve. They are taken 

many sources but the majority are from Fixsen and Rpscoe.-* le 

estimates for vegetable foods arc by James. 6 , 

It is unfortunate, perhaps, that this table lends itself to propaganc a 
for proprietary articles, which the firms concerned will no ai o 
exploit. Within a short time of the publication of the relevant ligures, 
attention was called to the riboflavine content of a pint of beer in uie 
House of Commons but no one thought to mention the all-roun \ a ues 
of cheese and milk as compared with beer. 


' Nicotinic Acid 

Quite the most startling advance in our understanng of tdihe working 
of the vitamin B complex is the discovery of the importance of nicotinic 
acid or nicotinamide in diet. As already stated, bunk in 191- pi> 
ward the idea that pellagra w'as due to the absence of a m annn 
the diet. This disease is characterized in its earlier stages >> 
flammation and pigmentation of the skin on forehead, c icc 
and feet, and in its later stages by diarrhcca and dementia. ‘ 
investigation in the United States suggested tliat pellapJi ‘ 

infection but Goldberger maintained and finally proved t la k ' • 
concerned. Pellagra is particularly prevalent wherever maize is a s ap 
food and apparently people on the verge of the disease may )c pus u 
over the edge by infection with parasites or a lack of iron. n 
parasitic infection is common among the fcllahin in Egypt w 10 su 
from pellagra, though it is not the exciting cause. 


* Jones, Green, Armstrong, and Chadwick. (i 044 )- LaiHei. i. 7^0 

* Macrae, Barton-Wricht, and Copping. (i 944 }' Hiochem ^ ^ 

* Bicwood. (1939). League o( Nations H^lth Organization I u > 

"No basic diet can be made up which is devoid ol lactoliavin. 

* Boab-Fixsen and Roscoe. (1937-8). Nut. Abs. attd liev-. 7. 

‘ James, D. P. (1952). lirit.J. S'utr.. 6, 341. 

* Biogam and Ghaliou.ngui. (1933). 
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Riboflavine Content of Foods 


Cereals mg 

. per 100 g. 

Vegetables 

mg. per loo g 

Bread 

0-03-0*07 

Asparagus 

1*0 



Beans, Broad 

0-43 

Fish 


Kale 

1*0 

Cod 

0*05-0*31 

Onions 

o*i8 

Herring 

0*10-0*42 

Parsnips 

I *0 

„ soft roe 

0-53 

Potatoes 

0*4-0 *5 

Kipper 

0*30 

Spinach 

006 

Sardines 

0*4 1-0*62 

Tomatoes 

0*52 

Turbot 

0*14 





Fruits 


Meat 


Apple 

0 *05-0 *07 

Beef, Brisket 

0*19 

Currants 

0*26 

,, Corned 

0*07-0*19 

Crooseberries 

0*26 

,, Lean 

0*46 



Ham 

0*20 

Nuts 


Liver, Ox 

I *0 

Nuts 

0*20-1 *6 

.. Pig 

2-3 


• 

Mutton 

0-07-0*32 

Sundries 


.. chop 

0*20 

Bemnx 

I -06 

Meat Extract 

1 *6-2*3 

Beer 

o*05-o-i7 

,. juice (cone.) 


Honey 

0*10 



.Marmito 

3*3 

Hairy Products 


Tea 

0-88 

Cheese, Dutch 

0*39-0*41 

Yeast, Bakers 

2 ‘5-3 -6 

,. Whole milk 

0-57 

,. Brewer's 

I *8-3 ‘0 

Milk 

0 * 027 — 0*17 



Milk Powder, Skim 

1*3 



,. ,, Whole 

0 - 3 - 0-4 




Dogs suffer from a disca e, “blacktongue,’’ wliicli for long has been 
considered to be the same >.iscasc, and pigs on a diet consisting largely 
of maize become very ill with pigmentation of skin and weakness of 
legs. 

Now the heat-slablc constituent of yeast, which was originally called 
1^., cures pellagra and blacktongue, while riboflavine does not. There- 
fore it was suggested that a moietv of wliich cures dermatitis in 


rats, might be essential for man and would cure pellagra. This is 
not true. Ihe trulii was discovered in an odd way. 

I'unk, in liis search for “vitamine’' in rice bran, isolated nicotinic 
acid, but as this did not cure beri-beri its possible use in diet was 
owrlooked for twenty years. Then Warburg found it, or rather the 
amide, in one of the co-enzymes (codch5'drogcnase II) which the 3'east 
]>lant uses in making alcohol. Euler and his associates found that it 


was combined with adejiine. ribosc, and phosphoric acid to form the 
co-enzyme. It seems a big leaj) from yeast to man, but as there are 
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distinct analogies between carbohydrate metabolism in man and the 
yeast plant, people tried the effect of nicotinic acid on pellagra. It 
cured blacktongue in dogs,^ the disease of maize-fed pigs^ and the skin 
lesions of man in England, Egypt, ^ and the United States of America. 
Ten mg. per day is a sufficient dose though it is usual to employ 
as much as 500 mg. to obtain a quicker response. These experiments 
suggest that nicotinic acid and its amide must be the main-^ missing 
factor in the diet responsible for producing pellagra. 

The clcissical picture of pellagra in man is of dermatitis, diairhoia 
and dementia, usually seen in that order in the United States where 
the disease has been most investigated. But Sydenstricker is of the 
opinion that the order may be reversed and dementia appear first. It is 
notorious that in this country, where classical pellagra is very rare, 
that it is most frequently observed in our mental hospitals.'* Ihis is 
due to the difficulty of feeding patients with dementia of any kind. 
Moreover there arc two other symptoms which frecpiently accompany 
pellagra: stomatitis and glossitis, and die inflamed mouth is often 
infected with the micro-organism of \’inc<nt’s angina, bnrthcr, in- 
fection of the body by bilhar/ia, or the jiresence of ametnia, either 
nutritional or as a sequel to the hookworm infection, may iirecipitate 
pellagra. Pellagrous symptoms may accompany sprue, and there may 
be amblyopia due to lack of nicotinamide. In fact there is a tangle of 
symptoms sometimes considered pellagrous, sometimes due to aflav- 
inosis or it may even be to lack of thiamine. For example, the dimness 
of vision seen in patients may be due to retrobulbar neuritis (athia- 
minosis), vascularization of the cornea and scotomata (aflavinosis) or 
the amblyopia may be pellagrous (aniacinosis). We have seen that 
stomatitis and glossitis can be due to aflavinosis as w-ell as to amacinosis. 
All this leads to two conclusions, one hypothetical and one practical. 
Rarely is an avitaminosis pure. A person in a state of malnutrition 
probably has multiple deficiencies, of iron, of calcium, of vitamins A. 
D or K, of C or of any or all of the B complex. Which set of symptoms 
appears depends on chance of constitutional make-up. It may be 
neuritis or pellagra or scurvy, etc. Conseciuenlly it is best, first to make 
the diet as good as it can be made, i.e. give a diet with the optimal 
amounts of Calories, protein, mineral elements and vitaminsjo and 


‘ Hlvkujem, Maimje.n, SiKONO. and WooLliV. (i 937 )* Joutn. A>uer. Chem. Soc.. 
59 - ‘ 7 <' 7 - 

S Chick, Macrak, Martin, and Martin. (i 937 )- fiiochem. Jount.. 32. lo. 

3 Harris and IIassan. (193^^). Lancet, 234, 944. 

* Stannvs. (1940), Lancet, i, 352, considers it to l>c due to a faulty production 
of a coenzyme, 

5 Watson. ( 1924 ), Lunacy Comm. 

» Wilkinson. (1944). Lancet. 2, C55. 
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second, to treat any symptoms of deficiency (e.g. nutritional ansmia, 
neuritis, dermatitis, scurvy, etc.) with massive doses of the appropriate 
medicament: iron, thiamine, riboflavine, nicotinic acid, ascorbic 
acid, etc. 

As was said above, pellagra is rare in Great Britain, ^ but it does not 
follow that subclinical cases are not present among us. For example, 
one of us has seen a long-standing soreness of the tongue and bilateral 
redness of the skin of the cheeks clear up as the sequel to taking i oz. 
of baker’s yeast per day. How much nicotinic acid do we need per day 
and how much does the diet contain? 

Ten mg. per da}' will usually prevent pellagra though larger doses, 
up to 500 mg. per day. are necessary' for a rapid cure, and 10 mg. has 
been adopted by Bacharach and Dmmmond. The National Research 
Council of the U.S.A. put the figure considerably higher: 15-23 for 
men according to activity, 12-23 for women according to actiNity and 
state. 4 to 12 for children according to age, 14 at puberty for girls and 
thence on 12, r6 at puberty for boys and then 20 till adult stature 
is reached. Kodicek^ is apparently satisfied that 12 mg. per day is 
enough. 

A table, mainly following Bacharach 's compilation, ^ is given on 
P- 139 of the distribution of nicotinic acid among foods. 

\\c note in this table that among the normal food-stuffs meat, meat 
offal and fish stand high on the list; that yeast, as might be expected, 
contains large amounts and that the proprietary foods made from meat 
and yeast have the largest amounts. The potato among the vegetables 
shows up well; nor is white flour so far behind oats. The figures for 
maize ' are astonishing in view of the fact that the eating of a diet rich 
in maize and short of other foods leads to pellagra. The position of 
dried skiiiimed milk is interesting in view of the fact that so much 
skimni(-d nii!k has been wasted in Great Britain in the past. 

It is cli'ar from tliis table that no one in peace-time need go without 
tlieir ration of nicotinic acid and that even when severely rationed it is 
possible to attain it. Ihe fact that so few cases were reported during 
thi- war of 1939-45 in this country confirms this. 

Ihe general impression obtained from considering all the three 
moieties of the vitamin B comjilcx is there is little reason to suspect 
a delicifiicy of ;iny one of tliem in the diet in Great Britain, certainly 
so long as National wheatmeal bread is the bread eaten. 

* l-iiiicet. (lo.jo). 2, 504. 

- Kodicek, I.ancet, i, 3,Sy. 

^ Itu itARAcn. A. 1,. (u*4o-.|i). Abit. attd Rei'., lo, 459. Vocctables mainly 
num James, i). 1*. (1052). i,',,/. .V„/ 6^ 3^, ^ ' 

•* .Maize h.-us an inhibitor of nicutiiiamido. and but small amounts of IrNTtophane 
Jrum which the body can .synthe.sizc nicotinamide. ' 
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Nicotinic Acid Content of Foods, milligrammes per 100 g. 
Cereals and Cereal Products. Proprietary Articles. 


Bread, white . 

0-5 

Beer 

7'0 

„ Wholemeal . 

I -2 

Bemax 

. 6-0 

Maize 

O'9-i -6 (!) 

Marmite 

• 65-5 

Oats, medium 

I * 0-1 •! 

Meat extract 

. 37 - 5 - 102-5 

Rice, milled 

I -6-2 *4 

,, juice 

• 34 5-61 -5 

„ parboiled and 


Vegetables and 

Nuts. 

milled . 

3-8 

Asparagus 

I -0 

Wheat, whole 

47-5-3 

Beans, Broad 

• 4-3 

„ germ 

2*7-q*I 

Cabbage 

• 0-3 

„ bran . 

5-0 

Carrot 

0-5-O-8 

White flour . 

0-9-1 *1 

Kale 

I -0 

Fish. Herring . 

2 -9-4 0 

Pea 

1 - 9 - 2 -4 

White, E.P. . 

1-7-8 -4 

Peanut 

13-0 

Fruits. Apples 

<0-5 

Potato . 

I -0-2 -0 

Tomatoes 

< 0-5 

Soya Bc-an 

- 4 -85 

Meats. Offal. Heart . 

I -2-8-0 

Spinach 

• 7 

Kidney 

3-8-19-4 

Sprouts 

o-6-0‘8 

Liver . 

9-3-46-0 

Swede . 

I -I 

Tongue 

12-8 

Yeast. 


Muscle 

3-18 

(baker's moist) 

7 *4-1 2 'O 

Milk 

<o-i-o-5 

(brewer’s moist) 


,, dried . 

2-5 

Extract 

. 477-497 

„ skimmed 

• 4 - 3 -J 50 




Other Moieties of the B complex 

We have mentioned biotin, inositol, pyridoxine, paraminobcnzoic 
acid, pantothenic acid, folic acid and cyanocobalamine among the 
vitamins which may be essential to man. They are essential for mic- 
robes, chicken, mice and rats and therefore probably for man. 

Biotin has been shown to be essential to man by a somewhat drastic 
experiment. Four volunteers were given sufficient raw egg-white to 
supply 30 per cent, of the Calorics of their diet. This represented the 
whites of 80 eggs per day. Since the avidin of raw egg-white combines 
with biotin and renders it unavailable, this depleted the intake of 
biotin by the volunteers. After 3-4 weeks the subjects show’cd, among 
other symptoms, an ashen pallor of skin and mucous membranes 
followed by a browny desquamation. There were also muscular pains, 
lassitude and anorexia. The condition cleared up when biotin was 
injected — 150^. being sufficient to maintain relief from the symptoms.* 
Biotin has been used successfully in combating baldness due to sebor- 
rheea, but so far no cases of acute spontaneous deficiency of biotin 
have been described. 

Biotin is widely spread amongst all vegetables (beans, cauliflower 
and leek having the most),* grains and nuts and in foods of animal 
^ Sydenstricker and others. (1942), J. Amer. Med. Ass., 118, 1199- 
• James, D. P. (1952), DrU. Jourtt. Nut., 6, 341. 
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Qj-igin — liver, kidney and eggs having the greatest amount and milk 
somewhat less. It is highly improbable that biotin deficiency will ever 
be observed in this country unless a freak dietary with multitudes of 
raw eggs be taken. 

Much the same can be said of the other substances named. Inositol 
is found in fruits (especially oranges and lemons), in green leaves, in 
cereals (as the hexaphosphate) , in skeletal and heart muscle, kidney, 
liver, milk and eggs. Bread (wheaten and rye) is bound to contain free 
inositol and porridge and oatcakes may contain a little.^ No diet is 
likely to be deficient in inositol. 

Pyridoxine occurs in seeds and cereals, especially in the bran and the 
germ. Liver and fish contain moderate amounts of milk, egg-yolks, 
lettuce and spinach small amounts. Rats fed on a highly purified diet 
containing no pyridoxine, get a dermatitis of paws, snout, ears, tail. 
Dogs, rats and pigs have epileptiform convulsions and develop a 
microcytic anaemia. Apparently there is no evidence that man suffers 
from a pyridoxine deficiency anjemia. Babies reared on a particular 
proprietar}' food devoid of pyridoxine developed convulsions. 2 A good 
diet chosen to contain first-class proteins, calcium, iron and vitamins 
A, C and D will cover the need for pyridoxine. 

The same is almost certainly true for p-aminobenzolc acid and 
pantothenic acids. Absence of the former in the rat's diet causes greying 
of the black fur and it has been used in man to cure greying of the hair 
due to nutritional causes. It is extremely wide-spread in foods and 
moreover is made by the microbes inhabiting the gut, whence it can 
be absorbed. No one is likely — no one, that is, who is not undergoing 
treatment by sulphonamides— to be without a sufficiency of /)-amino- 
ben/.oic acid, obtained either from food or the microbes of the gut. 

Pantothenic acid— its name means that it is found everywhere — 
is widely disjicrscd in food, liver and kidney being the best sources, the 
rest of the offals coming next, and finally meat. Green plants manu- 
facture it and store it in their seed coats. Black treacle is a good source. 
It is used in the treatment of the ‘burning feet' syndrome.^ 

Folic Acid, which is found in leaves, liver, kidney and yeast, once 
was iinjiortant clinicall}’. It is a condensation product of a pteridine 
mi)leculc with jxiraniinobenzoic and glutamic acids. It cures the 
ananiia of parnicious ana;mia and other hrcmolytic hypcrchromic 
atiieniias. Although so potent in this, it may even enhance the neuro- 
logical complications wliich may occur coincidentally with, or independ- 
ently of, the ha;molytic anremia. It is therefore no longer used in 
pi rnicious ana;mia. 

• McCance, K. a., anil Widoowson. K. M. (104.}), A’atiire, 153, f>50. 

2 (,'itocl iMiiui, I, C<\i. 

3 PaI-LTS. C. J0.S5- Piaclitior.n 175, iw. 
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Cyanocobalamine or Vitamin Bio. 

Quite the most exciting discovery among the vitamins in the last 
decade was that of vitamin B.a. Almost simultaneously it was an- 
nounced by two independent groups of workers in the United States' 
and Great Britain.* It has a remarkable structure. It is a nucleotide 
of a central molecule containing cyanogen, cobalt and four pyrrol rings 
(cp. porphyrin to which are attached acetamide and propionamide.^' 
Cyanocobalamine is the antipcrnicious anaemia substance found in 
liver and is the extrinsic factor of Castle. Probably Castle’s intrinsic 
factor is used by the body simply to get the vitamin across the 
mucous membrane into the blood stream, since pure cyanocobalamine 
injected straight into the blood causes a remission of pernicious 

ansmia. ,11 

It is a stable deep red crystaUine substance, moderately soluble m 

water and is effective in extraordinarily smaU amounts (lo fig.), both 
in combating the megaloblastic an«mia of. and the degeneration of 
the nervous system that often accompanies pernicious anamia. Of foods 
liver and kidney arc the relatively most rich (0-5 parts per million) in 
the substance. Other meats, egg yolk, cheese and casein contain only 
a few parts per 100 million. Vegetable foods contain practically none. 
It is exclusively manufactured by microbes— indeed commerce now 
makes it from slrcptomyces griscus, thus freeing liver for food. No 
ordinary' diet is deficient in this vitamin, but persons who live exclus- 
ively on fruit and vegetables must rely upon the manufacture of this 
vitamin by the microbes of the colon. Patients witli sprue may not bo 
able to absorb cyanocobalamine from the gut and so develop lucmolytic 

anaemia. 


Vitamin C or Ascorbic Acid 

The history of the prevention and cure of scurvy presents nian>’ 
examples of the waywardness of human thought and action. It w-as 
known as early as 1601 that oranges and lemons kept scurvy at bay, 
but this was a secret and maintained so in the interests of commerce.^ 
It was rediscovered by Lind in 1753. It was also known in the eighteenth 
century that sprouted seeds and grain were a preventive and cure 
(Bachstrom, 1734). and Captain Cook showed that living on the fresli 
fruits of the lands he visited reduced the cases of fatal scurvy among 

» Kickus ct a/. (I94i>). Science. 107, 396. 

» Smith, E. L., and Parker, L. 1 *. J. (1948). Nature. 161, 638. 

* Todd, A,, and Johnson, A. W. (1955) Bril. Med. Jour., 2, 610 

* Nixon. (1938), I^roc. Hoy. Soc. Med.. 71, 193. See also IIournk. (1944). *>'fd.. 
37. 5*2 
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his sailors to zero. But all this was forgotten in the nineteenth 
century, despite the fact that the navy had abolished scurvy by intro- 
ducing lemon juice into the diet. Its occurrence was due, it was said, 
to an altered acid-base equilibrium of the body, or, later, to the presence 
of microbes. It was not till Holst discovered that guinea-pigs, put on a 
diet of oats and autoclaved milk, suffered from a similar disease that 
an ofjportunity was given to find out what foods could prevent or cure 
scurvy. W'e now know that, alone of the animals, man, the primates 
and the guinea-pig, can suffer from scurvy, while the birds, cat, dog, 
rabbit and rat do not. To-day we are certain that all, or nearly all, of 
the symptoms of scurvy are due to the lack of a vitamin, which received 
the provisional name of vitamin C and now has been called by the first 
person to isolate it. ascorbic acid. 

The first symptoms of tlie onset of the disease is a hyperkeratosis of 
the hair follicles, though this is not diagnostic. Then follow hemorrhages 
in the perifollicular tissues and hiemorrhages in the interdenticular 
papillae of the gums. At this stage wounds will not heal. Occasionally 
heart symptoms are seen with abnormal electrocardiograms. People 
subject to acne show exacerbation of the acne.* Later the gums become 
swollen and painful, tlie teeth become loose in their sockets, petechia 
appear in tlie skin and pains in the joints on movement are unbearable. 
That wounds fail to heal has an important bearing on surgery.^ 

To-day the disease is rarely seen and should never be seen again. 
Sporadic cases appear among indigent bachelors and spinsters living 
by tliemseh es and doing their own housework and catering, and it has 
bei-n seen in young men living at home, having a midday meal in a city 
restaurant ami returning in tlie evening to the "warmed-up" remains 
of a meal their parents had in the middle of the day. Elderly people, too, 
who on account of false teeth and flatulence and other alimentary 
troubK-s ha\e given up fruit and vegetables may develop sore patches 
in thei! n’ oulhs and puri>ura winch arc readily cured by a daily dose 
of orange juice. Probably this is incipient scurvy. Soldiers on army 


ratKiTis liave less ascorbic acid in tlieir tissues than recruits. ^ 


Most jxatients with gastric and duodenal ulcer* coming into 
Injspilal are woefully deficient in vitamin C. This deficit is probably 
the result of omitting acid fruits, salads, and vegetables from the diet on 
account of dyspepsia, though we cannot entirely rule out tlie possibility 


' KrtLhN. II. A. Sufr. Soc., 12, -*37 in work on vc^luntccrs living on 

it *hvl uitli c.vlrvmvly hltlc ascorbic acid. 

•CK.\Nr)(^N. J H tt ij/. (1^40), AVu' ISi’glatid Journ. Med.. 22^, 353, Hunt. 
lUit. Jour)!. Sii$g , 38. 4 V>- 

^ .\fKiNs, \\ . R. (i. (1031). Ihit. Joum. Xulr., 5, J73. 

MInruis, L J , Ahii.xsy. M A. Hoy, S. N.. and Marrack. J. K. (i935). 
/.jHCt't, 2, 1300; Archer, II. 1' , atul (iK.miam, G. (io3<>). ibid.. 2, 304; Bourne. 
inj3^). Ihu. Med foutu.. i, 5^.0. 
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that ulcers may result from a deficit ol vitamin C in the diet.^ There is 
a suspicious peak of incidence of peptic ulcers in late winter and early 
spring, and guinea-pigs on a mildly scorbutic diet frequently have them 
(20-30 per cent.). No wound heals well if an animal, or a human being, 
is kept on a diet with but small amounts of the vitamin in it. 

The elucidation of the chemistry of vitamin C is interesting in view 
of the international collaboration involved. Holst and Frdlich, Nor- 
wegians, started the experimental work on animals. Zilva, at the Lister 
Institute, noted that fresh lomon-juicc reduced a blue dye called 
indophenol blue. Tillmans and Hirsch in Germany used this fact to 
discover the age of lemonade "made from fresh lemon.’’ Szent-Gyorgyi, 
a Hungarian, discovered a ciystalline reducing substance in various 
plants and one or more animal tissues (notably the cortex of the 
suprarenal). The dye-reducing power of fruits or vegetables seemed to 
go parallel with their vitamin C activity. King in America obtained 
crystalline vitamin C from lemons and showed it to resemble Szent- 
Gyorgyi’s reducing substance. Szent-Gyorgyi and Svirbely in Hungary 
tested the reducing substance on scorbutic guinea-pigs and cured them. 
Then Szent-Gydrgjd discovered a good source of it in paprika and sent 
a large sample to Haworth at the Birmingham University organic 
chemistry laboratory, where its structural formula was worked out 
and the compound synthesized. 2 It is 


O 



OH H HO OH 


In other words, it h;is the skeleton of a hexose sugar but it is '‘im- 
saturated.” It can take up oxygen and also be reduced. Szent-Gyorgyi 
christened it ascorbic acid. In small doses, even 10 mg. a day,^ it 
prevents most of the symptoms of scurvy. 

Ascorbic acid is a white crystalline jjowder, very stable in the solid 
state, soluble in alcohol and in water, and >mstable in solution in the 
presence of oxygen which it rapidly takes up. The oxidation is at one 
stage reversible but at more advanced stages it is irreversible and the 
vitamin is destroyed. Heat and alkali accelerated this destruction. 
Ascorbic acid acts as a reducing substance and this accounts for it.s 
power of decolorizing indophenol blue. In plant tissues there is an 
oxidase which, when the cell is damaged, destroys the ascorbic acid. 
1 Smith and McConkcy. (1933)^ Arch. 0/ Int. Med., $1, 413* 

^ For a (ull account oi this exciting work and the obstacles in the way of 
fulfilment, 6 cc King, C. G. (1953). Proc. Sulr. Soc., 12, 

* See Kkebs, H. A. {1953), op. cU. 
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This has bearing upon the marketing, the cooking and the preparation 
of fruits and vegetables for the table. 

Marketing. Olliver^ has shown that storage, e\'en for a day or so, 
results in a loss of ascorbic acid from vegetables such as new potatoes, 
spinach, carrots and asparagus tips, but though this loss is serious, it 
has been exaggerated. Chappell, 2 investigating the amounts of ascorbic 
acid in the produce for sale in cheap and well-to-do markets in London, 
found tliat, though the street market fruits and vegetables on the 
whole had somewhat less ascorbic acid than those purchased in first-class 
stores, there was still enough left to supply a day’s ration cheaply. None 
the less it is undoubted that the sooner a fruit or vegetable is eaten after 
it is gathered, the more ascorbic acid it will yield. Wilting and bruising 
and exposure of cut surfaces to air also decrease the ascorbic acid. 
Storage in a clamp, as potatoes are stored, low'ers the ascorbic acid 
progressively. In September a main-crop potato may start with 30 mg. 
per 100 g. to sink by the following March to the low figure of 7. Olliver 
gives figures about half of thesc.^ 

Preparation. It apparently makes a difference whether a vegetable 
is shredded with a sharj) or a blunt knife. Swedes and cabbage, w'hen 
grated, lose a considerable proportion of their ascorbic acid, even in 
five minutes; shredded with a suet grater there is a loss but it takes 
longer to show uji; cut with a sharp steel knife there is little loss even 
after three hoiirs.^ Long chewing of salads is held by some to decrease 
the vitamin content appreciably, but others maintain tliat this is due 
to an oxidation to dehydroascorbic acid by the nitrite in saliva. It will 
jirobably be reduced again to ascorbic acid in the reducing surroundings 
of the stomach and intestine. Peeling and keeping potatoes overnight, 
contrar)’ to widespread belief and statements by authorities, does not 
deplete the vitamin C.^ 

Cooking. It has been long known that ascorbic acid is labile to heat, 
wherefore it has been loosely and inaccurately stated that all cooking 
destroys the vitamin C value of cooked fniits and vegetables. This is 
far from the truth. There is a loss in cooking but this is partly due (i) 
to the action of the jilant's o.xidases, and (ii) to leaching of the vitamin 
into the cooking fluid. The oxidase works most rapidly between the 
temperature of 05 and 85*^0. Above 85' C. it is destroyed. The problem 
then is to ensure that the vegetable is cooked in w’ater which never 
falls below a temperature of 85° C. Obviously if it is put into cold water 
and brought to the boil, however quickly, the oxidase wall bring about 

‘ Ollut-R, M. (1030). Ckt-ni. mid hid., 55, 153. 

- Chappell, G. (1940), journ. Hygiene, 40, 701. 

^ Olliver, M. (1943), Chem. and hid., 62, 140. 

^ Pyke, M. (1942), Sitinre, 149, 499. 

^ Marrack, J. 1< , d ill. (1944), Lancet, 2, 569. 
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the maximum destruction. Even if it is plunged into boiling water in 
sufficient amounts to lower the temperature of that water below 85 °C. 
destruction of the ascorbic acid will take place. In the R..\.F. during 
the late war the vegetables were added in three or four portions, one 
after the other, so that the temperature never fell far below boiling 
point. 1 Even so, if the proportion of water to vegetable is high, ascorbic 
acid is lost through solution in the water. This can be obviated by 
boiling the vegetables in rela3's, using the water from one lot to boil 
the second and so on, a method used in preserving the ascorbic acid in 
dehydrated vegetables. 2 The Ministry of Food recommends the follow- 
ing treatment to avoid losses of ascorbic acid in domestic cooking. A 
small amount of water is placed in the saucepan and brought to the 
boil. The vegetables, shredded with a sharp knife, are dropped in, the 
saucepan lid put tightly in position and the vegetables cooked partly 
in the water and i)artly in the steam above. Cooking is completed in 
about ten minutes. Constant attention is needed to prevent them from 
sticking to the pan and burning. 

As a result of early work on the influence of alkali on ascorbic acid 
it has been too readily assumed that the addition of bicarbonate of soda 
to the water in which greens are boiled — a means of preserving the 
green colour — will destroy the vitamin C. Olliver^ has shown that the 
addition of 2-4 g. of sodium carbonate or bicarbonate to the gallon of 
water does not destroy vitamin C appreciably, though if the greens are 
kept hot after they are cooked it ma^' accelerate destruction. 

The keeping hot of vegetables after they are cooked is very dcstruc- 
tiv'e of the ascorbic acid. Ollivcr* reckons the loss to be 25 per cent, 
after 15 minutes and 75 per cent, after 90 minutes. This is csjK'cially 
important where cooked vegetables arc sent out from a central depot to 
canteens. Pupils of one of us found, for example, that whereas the; 
vegetables as served at a canteen provided 7-2 mg. per helping, they 
would have provided three times as much if they had been served as 
soon as cooked. 

Jams, if the fruits from which they are made contain vitamin C, 
retain a considerable amount. Thus blackcurrant jam (30 per cent, fruit 
content) may have as much as 50 mg. ascorbic acid per 100 g., so that 
a helping may give 5 mg.- — a useful amount. 

Canning and Bottling. Owing to the prolonged high temperatures 
used in canning and bottling of fruits and vegetables it might be 
thought that there would be massive destruction of vitamin C. '1 his 
is, however, not necessarily true. As none but the best of fruit and 

‘ Macrae, T. F. (1944). Proc. Sul. Soc . 1, 99. 

2 Mapson, I.. \V. (1944), ibid . I, loi; Trechman, (1944), ibtd , i, ifi.! 

■■’^i.LJVER, M. U^ 3 )< Clieni. and tnd., 62, 146. 

* •i.iivr.R, (i94j),,^^»H. and hid.. 62, 140. 
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vegetables fresh from market-gardens can be used for canning; as the 
produce is “blanched” — i.e. treated with boiling water for a short time 
before canning; as the head room of air in the cans is reduced to a 
minimum, the amount of vitamin C in the “pack” is often but very little 
less than that of the same garden produce cooked in the normal wayA 
There is some loss on storage, but it is so small that the vitamin C of 
canned fruits and vegetables, even after prolonged storage, may be 
more than that of fruits and vegetables bought on the open market and 
then cooked. 

Dehydration. Vegetables and fruits have long been dried as a method 
of preserving them. Each war revives the scheme for drying vegetables 
for feeding soldiers on the field. But the use of such dried vegetables 
has in the past — notoriously in the Civil War in the U.S.A. — been 
followed by scurvy. During the war 1939-45, by paying due attention 
to the ascorbic acid oxidase and by excluding air from the "pack,” 
it htis been possible to produce a dried vegetable having 60-80 per cent, 
of the original ascorbic acid. When cooked, such vegetables should 
retain 25-35 per cent, of their raw value of ascorbic acid, a figure which 
compares very favourably with those in home cooking.2 Dehydrated 
vegetables stored in nitrogen retain their qualities for at least a year. 

Physiological Function of Ascorbic Acid. Its use in the body is 
undoubtedly in the oxidation-reduction systems which play such a large 
{)art in the metabolism. The ease witli which it can be oxidized and 
reduced suggests that it acts as a hydrogen transporter. Its value in 
oxidation can be gauged from the fact that cats sur\’ive severe hfemorr- 
liagesa and mice exposure to low oxygen tensions if they have received 
large doses of ascorbic acid.-^ This is an indication of its importance 
in aeronautics. 

Ascorbic acid aids the body in the detoxication of various toxins, 
notably tubercle toxin, and is also concerned with carbohydrate 
metabolism. It is said to raise the sugar level of the blood rapidly after 
insulin shock. In its absence the cement substance of the capillaries, and 
tlie collagen of connective tissues decreases in amount and strengtli. 
The capillaries become fragile — hence the proneness to bruising in 
scur\^* — and wounds will not heal; and broken bones will not unite.® 
Tlie later s3mptoms of scurvy seem all to be related to this pov'erty of 
cement and collagen formation. 

Amount Required per Day. Estimates of the amount required per 

' Ollivicr, M. (1936). ibid., 55, 153. 

- Allen. It. j. L., U.\rker, J., and Mapson, L. W. (1944). P>oc. iVid.,Sof.. 1,153 

^ Stewart, Learmouth. and Pollock. (1941), Lancet, i, 818. 

•* Peterson. (1941), Sat., 148. 84. Perhaps related to this oxidation-reduction 
iiu'chanisni is the story of two Irisiimen who were cured of idiopathic mcthjcmo- 
^^lobina mia by ascorbic acid. 

® See Bourne. (1944). Pioc. Roy. Soc. Med., 37, 51 
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day vary markedly with the criterion adopted. If the criterion is the 
absence of any symptoms of scurvy then the daily dose is small. Krebs* 
in his experiments on conscientious objectors found that 10 mg. of 
ascorbic acid added to a diet which may have contained i mg. per day 
protected volunteers for 424 days, 10 mg. cured clinical scur^^ in the 
six cases examined. It is usually assumed that the dose of a vitamin to 
cure a deficiency disease is thrice that of the daily need, which brings 
down the daily need to about 4 mg. per day. Fox maintains that the 
natives working in the mines of Johannesburg, were free from overt 
symptoms of scurvy on an intake of 10 mg. per day. 

If the saturation test is accepted then 50 mg. per day, at least, is 
required, for dosing such people with extra ascorbic acid at the rate of 
10 mg. per kilo body weight results in a marked rise in the ascorbic 
acid in the urine on the same day. None the less Graham reports a 
person who needs 200 mg. to keep his tissues saturated. The British 
Medical Association Committee, accepting Kreb's work, suggest that 
20 mg. per day is sufficient. The League of Nations Technical Com- 
mission on Nutrition put the figure at 30 mg. The National Research 
Council of the U.S.A. put the optimal intakes much higher: 



mg. 

mg. 



mg. 

Adult male 

75 

Children under i year 30 

Girls 

i 3-*5 

80 

,, female 

70 

1-3 years 35 


16-20 

80 

Pregnant ,, 

100 

4-6 50 

lioys 

* 3-*5 

90 

Lactating 

150 

7-9 Co 

10-12 75 


16 — 20 

100 


The fact is that we do not know the optimal amount. We do know that 
10 mg. is above the marginal amount. Consequently we incline to tlic 
belief that 30 mg. is a safe amount for most children and adults, but 
there are exceptional people who need more. This is especially true of 
people with severe illness. Tuberculosis, osteomyelitis and rheumatoid 
arthritis seem to increase the need. Probably any fever and any form 
of enteritis do the same. In hospital work routine examination of the 
ascorbic acid in the urine should be made and patients due for ab- 
dominal operations should be saturated before and kept saturated 
after the operation.* 

Whether we estimate the advisable intake as 30 mg. or even more ing. < 
per day, it will be seen from the following tables that it is not difficult 
to obtain a sufficiency, using the ordinary foods. Many, hxd by no means 
all, raw fruits, particularly the citrous fruits and the summer fruits 
(with the exception of cherries), are useful sources. The autumn fruits, 

* Krebs, H. A. (1953), J'roc. Nutr . Soc., 12, 237. 

* See Archer, H. E., and Graham, G. (1936), Lancet, i , 710. Crandon, Lund 
and Dill. (1940}, New England Med. Journ., 223, 353. Hunt. (194O Journ. 
Hurg .. 38, 43O. 
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apples, pears, and plums, are almost useless, though Bramley Seedling 
and the Woolbrook Russet are marked exceptions. Many vegetables, 
especially those of the cabbage tribe and their near relatives the cresses, 
are extremely useful. Of animal foods only the liver contains much 

vitamin C,^ about 25 mg. per 100 g.* 

There are two main ways of estimating vitamin C, (1) the biological 
method, by estimating the power of a food to prevent or cure scurvy in 
guinea-pigs as compared with pure ascorbic acid, (2) a chemical method, 
usually by estimating the power of a protein-free extract of the food to 
decolourize a standard solution of the dye, dichlorphenol indophenol 
blue. 

The former method is preferred by all biologists but it is costly and 
time-taking, whereas the latter needs but accurate pipettes and a 
microburette, and is quick. It need hardly be said which is the most 
commonly used. 

This colorimetric method has sundry uncertainties apart from the 
individual factor. There may be other reducing substances present in 
tlie food which render the dve colourless. These are estimated, unless 
special precautions are taken, as vitamin C. They are produced as the 
result of heat on pectins and carbo-hydrates and appear in molasses 
and in fruit j uiecs and dried foods stored for several years under normal 
conditions. The\‘ are also present in parsley, walnuts, especially unripe 
walnuts, germinated grains, malt extract, beer, cocoa and chocolate. 
So until older estimations are controlled for the possible presence of 
these substances they must be accepted with reserve.^ Further, there is 
grave variability of the amounts of vitamin C in any one type of food. 
It may vary with the species. The farther north rose hips are collected 
in (.ireat IVitain, the more vitamin C they contain.* A variety from 
Russia has ten times the amount of most British hips. The Baldwin 
blackcurrant has more than the W'estwick Choice. Dessert apples have 
little, as a rule, while cooking ai)plcs may have some ascorbic acid. 
The. size f>f the fruit may influence the amount. Large blackcurrants 
have more tlian small, but small peas liave more than large. The bigger 
tile tomato the less it has in jiroportion up to a weight of 40 g. and 
there is much variation from plant to plant, and this variation isin- 
herited. The time of year, the origin, the amount of ripening, the type 
of weather experienced in the growing season, all influence the percent- 
age of vitamin C to be found in fniits and vegetables. Consequently wc 

’ Mii-us. {103.2}, liiucki iu. Jourii., 26, 704. 

- Uekelcn, M. \ an. {0153). Prec. Xtilr. Soc., 12. 22S. In Tliulc, Greenland, tlio 
native sources of ascorbic acid are narwhal shin and liver and kidneys of walrus 
and seal. Gilbkro, .\age. EJ<iino Doctor (1043). translated Karin Elliott (1948), 

’ WoKEs, Organ, Duncan, and J.uconv. (1943). Bioch. ]ourn., 37, 695. 

I’yke and Melville. (1942), Bioch. Journ., 36, 336. 

* Olliver, M. (1938), Atialyst, 63, 2. 
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cannot accept pubUshed figures unless we recognize these possibilities 
of variation and treat them more as indications of the vitamin level to 
be expected, or wished, than as a statement of fact. Nor should we accept 
in Great Britain figures for food commodities obtained and analysed 
outside these islands. Tomatoes grown under the weather conditions 
prevailing in Great Britain are different as sources of ascorbic acid 
from those gro^vn in the U.S.A. A banana when submitted to analysis 
here is a very different fruit from one analysed in the States though 
both may have come from the same place, and similarly with a giecn 
pepper analysed here, or in Hungary or in Louisiana. Each country' 
must prepare its own vitamin tables and give the range of values. 

In the foUowing table the amounts are given in milligrammes 
ascorbic acid for 100 g. which, as pointed out earlier, is an average 
allowance of fruits and vegetables. Heavy type indicates useful sources. 


Fruits 


3 

Lemon 

14 66 

16-22 

Lime 

32-58 


Loganberry 

20-48 

2-14 

Melon, Cantaloupe 

- 15-53 

1-15 

Orange . 

. 16-99 

3— *7 

„ Juice . 

28-89 

136-353 

Pear 

I-IO 

50 

Pineapple 

10-63 

28-47 

Plum 

0-5-5 

1-4 

Raspberry 

30 

26-65 

Strawberry 

. 46-77 

0-5-7 

Tangerine 

10-36 

49-500 

10-1870* 

Tomato . 

• *3-39 

included because schoolboys are 

apt to eat 


Apple, Blenheim Oratige 
,, Bramlcy Seedling 
,, Cox’sOrangc 
Pippin 

Banana . 

Cherr>’ . 

Currant (black) 

(red) 

Gooseberry 
Grape 
Grape fruit 
Greengage 
Haw 
Hip 


them and the U.S.S.R. employ them in the manufacture of anti- 
scorbutic for winter use in the Arctic Circle. Moreover, during the war 
of 1030-45 the Ministry of Food put rose-hip juice containing 150 mg. 
on the market for infants and children. One medium-sized orange 
weighs about 170 g. and yields about 70 c.c. juice and therefore from 
II to 62 mg. ascorbic acid according to origin. South African oranges 
have the highest titre of the oranges sold in Great Britain. We call 
attention to the enormous amount in black currants, and point out the 
value of these, even when canned, in supplying vitamin C at a time or 
place where it is difficult to obtain it.* 

» Tlie fjeurcs givon arc for IJritish rose hips. Scottish and northcrn-growii hips 
liavc the highe.st v.-ilue. Hips from :t Turkestan species grown at Kew icache.l u 
record figure of 4800. PVKr. and Mr.l.vii.Lii. (1942). Hiocheiii. fotini . 3b. 3.VJ 

» Hunng the war the aandanlizalion of the purees of black cnrraiils used lor 
infants and patients with giulric disorders wa^ in the hands Ollix. r, of Clincrs 
& Sons, who first put the puri-e on the market. 
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Vegetables (Raw) used as Salads 


Carrot 

. 4 Onion, spring 

• 14-25 

Celery 

1-6 Peppers 

. 12-330 

Cucumber 

1-18 Radish 

. 12-20 

Endive 

19 Tomato 

• 13-39 

Lettuce . 

. 0-5-221 Watercress 

• 24-76 


"Nasturtium” i.c. Tropaeolum 

majus leaves . . 200-465 

We point out how disappointing carrot, celery and lettuce are, and 
the possibility of using peppers which are sometimes sold in our big 
stores in autumn as a source of vitamin C. If people would learn to use 
raw cabbage and raw brussels sprouts and turnips as salad, the salad 
sources of vitamin C could be extended and cheapened, e.g. 


Calibage 

Caulillowcr 

Green sprouting broccoli 
K'ohl rabi 


20-124 Sprouts 
19 loi Swede . 
111-141- Turnip 
60-117 


72-146 

20-47 

17-43 


Currant (black) 
Currant (ri-d) . 
Go<.>sel)vrrv 
(■rapc'fruit-juici- 
Hii> 

l.oganln-rry 
( irangu-jiiice . 
SlrauluiTv 

4 


CooKiiD Fruits 
. 90 

23 as norinallv consumed^ 

20 

• 34 50 (canned) 

210 (cooked 12 mins., sieved, sugar added, 
cooked another ^ minutes) 

20 as nornullv consumed ^ 

« 

29-50 (canned) 
solid 10- 55, liquid 10-20 


The vitamin (' content of cooked vegetables depends on the amount 
they started with, how they were cooked, and how long they waited 
before they were eaten. If plunged into boiling water, cooked rapidly 
and seiN C'd as soon as cooked it may be assumed that 33 per cent., i.e. 
one third, of the vitamin is preserved.-* Thus sprouts starting with 100 
mg. )HT 100 g. when raw will finish with 33 mg. Potatoes have a value 
of 30 mg. per 100 g. in .\utumn, but this falls to 7 or less in March. 

The aboN'e tables, taken from various sources but mainly from 
Xutritin)i Abslnicls and RcviacsA sliow that it is by no means difficult 
nor exj'ensive to sui>i>ly ascorbic acid in the diet the whole year round. 


' l;ti,:.;l.'h lUiun hguic }.;i\cii as i(> liy Oli.ivi-.r, M. (1043), Cheiii. and Ind., 63, 

I.jC,. 

- Am-.*rican figures. Wucklek. ' 1 ‘kessI.er and King. (1939). Food Research, 4, 
' Figure", from OiaaviCR. M. Op. cit. 

' .\mmnit falls l>y a furtiur 50 per cent, or more if kept hot in a hay Ikix. 

** Fixsi-s and Roscoe, 1937-’^, 7, ^23: and Imxsen, 103S-9, 8, sSi. 
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Chappelii has shown that 30 mg. of ascorbic acid could be purchased 
for one farthing in 1938. Yet we know that the patients in six London 
hospitals® in 1943 were receiving much less than this, and the nurses 
not much more than the patients. The same is doubtless true of pro- 
vincial hospitals. And if hospitals can err, how much more likely are 
school and factory canteens to do the same? There is little doubt t at 
the diet of the large boarding-schools throughout the winter months 
give too little of this vitamin, grow too little of the fruits and vege- 
tables which contain this vitamin and present it in a way both un- 
palatable and devoid of ascorbic acid. Agriculture, market gardening, 
education and the art of cooking have a long way to go before peop e 
in this country take a diet which contains the modest amount of 30 
mg. of ascorbic acid per person per day. 


Vitamin D 

That the formation of sound bone and sound teeth is regulated by 
the supply of a vitamin was first put on a sound scientific basis by 
Edward Mellanby and his wife May Mellanby.a Puppies fed on a diet 
of skimmed milk, bread, and olive oil developed rickets and their teeth 
were almost devoid of enameb This state could be prevented j giving 
cod-liver oil or in fact many other animal fats though very fc\\ (i an> ) 
vegetable fats instead of the olive oil. For many years some physicians 
but by no means aU. had used cod liver oil as a preventive or cure o! 
rickets, but its value was conclusively proved by llie commission which 
visited Vienna in 1919-22 and reported on its work in 1923.* - un ig i 
and ultra-violet lights also prevented or cured rickets. Ultra-vio el 
light acting on a sterol in the skin converts it into an antirachitic 
vitamin, which passing into the blood stream can prevent ti^e occur 
rence or promote the healing of rickets. Sterols in foods when exposo^ 
to ultra-violet light undergo a similar transformation and cconic 
antirachitic. Further, this vitamin was shown to differ from vitamin 
for it was more resistant to oxidation® and it was precipitated along 
with the sterols from the unsaponifiablc jiarts of the fats which carnet 
it. These sterols are complex organic substances and have become o 
great importance in biochemistry, for their chemical skeleton is 


‘Chappell, G. (1940), Journ. Ilygiette. 40. 701. . , ,4 

* Memorandum on Hospital Diet. (1943). K>"g I'^dward's Hospital l uncl for 
Ixindon. 

* Sec a series of papers beginning in 1918. Lancet, 2, 7‘'7' ^ 

various Medical Research Coi<nci7 Special Reports. Also /f ^tory f i 
Research (1950). by Sir Edward Mellanby. Williams & \Nilkin Co- 

* Med. Res. Count. Special Report. No, 77. 

* Huldschinsky. (1919). Pent. wed. Woch., 45, 71.I- 

® McCollum et al. (1922). Joum. Biol. Chew., 53, 293. 
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found in the sex hormones, the suprarenal cortex hormone, some 
carcinogenetic substances, the “organizer” in the developing egg, bile 
salts and the cardiac drugs, digitalin and strophanthin. 

A sterol found in ergot and in yeast— ergosterol — has an ultra-violet 
absorption comparable with that of vitamin concentrates which cured 
or prevented rickets. Ergosterol when irradiated with ultra-violet light 
cures or prevents rickets.^ By careful fractional distillation or fractional 
crystallization of the substances produced by ultra-violet light on 
ergosterol a substance was obtained which was molecularly pure and 
cured rickets in exceedingly minute amounts. It was called calciferol 
and was thought to be “the” vitamin D.2 Its formula is 


CH. 


CH, 


/\l/\ 

HoC C CH. 


CH3 CH3 

! / 

CH— CH = CH— CH— CH 

I ! \ 

CH CH. CH, 


CH. 


HjC 

/\ 

H..C 


C 


HgC CH 

\/ 

C 


— CH,. 


HO.HC C CH 

\/\ / 

CH» CH 


and it is 400,000 times as active in curing rickets as cod-liver oil. But 
it is by no means the only substance prodiiced from sterols which cures 
rickets and it is not present in cod-liver oil. Thus it cures the rickets 
that occurs in rats but not the rickets from which chickens suffer 
wiiicli. however, is easily cured by cod-liver oil. There may be six or 
eiglit forms of \’itainin I), some natural, some artificial. The artificial 
vitamin, calciferol, is often called D.j and vitamin of cod-liver oil D3. 

In dietetics it doe.s not matter much what the formulaj are: what we 
are concerned with is what they do in the body, how much of them and 
how long we should take them and in what foods we can find them. 

In rickets tlu-re is a faulty deposition of calcium phosphate, calcium 
curbonate aiul (?) calcium fluoride in the cartilage or in the connective 
tissue in which bone.s are formed in the fietus or the growing young. 

1 WiNDAL'S an<l (ly.:;). Xachr. d. Gdtthgen. quoted by McCollum. 

Ko^cnmeim anil \Vt:nsTi:p,. (ui.:;). Laucct, i. 300. 

2 Askew, Iloi RniLLoN, Rrcce. Jenkins, and Wedster. (11)30). Vroc. Roy. Soc. 
H.. 107, 76- The relation of Dj to I>:i in chemical nature and activity and t<> 
dilivdrotachy>ter'il is set out in the Lancet, 1055, 2, 7 1 See also Dr. ST. C. !•'. ct 
III. l.aincl. 1055. 2, 087. 
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Instead of hard bone, soft osteoid tissue only is formed at the growing 
areas of bones, and consequently, owing to the inevitable pressure in 
those areas, there is distortion of the hmbs. Thus the manifestations of 
past rickets are bow legs, knock knees, bossed foreheads and (often) 
ill-formed teeth. Rickets can occur at all ages. Fcetal rickets, the exist- 
ence of which was once denied, undoubtedly occurs in China. ^ A few 
cases have been reported in this country. It usually occurs between the 
ages of 4 months and 18 months, though it may be delayed till the third 
or fourth year (delayed rickets). Renal rickets, once denied a place in 
the scheme, though the bone picture is identical, has been shown to bo 
true rickets and curable (as rickets) in the later teens. 2 FinaUy osteo- 
malacia, a softening of the bones, is really adult rickets. The rachitic 
foetus has been unable to lay down those calcium compounds in its 
cartilages because it received too little calcium, idiosphorus and vitamin 
D from the maternal blood. The ricketty child has had too little of tliem 
in its food or has been deprived of sunlight. Ihe osteomalacic wommi 
has had these compounds withdrawn from the bones, possibly to supply 
them in pregnancy and lactation, to the feetus and mammary glands. 

or possibly as a result of overaclivity of the parathyroids. 

Once rickets was so prevalent in this country as to he called tlie 
English disease on the continent of Europe. In the days of lUizabeth I 
it had doubtless received its English name; Whistler of Ox ord and 
(ilisson of Cambridge wrote treatises on it (1645 and 1650). the latter 
giving it its medical name, rachilis. And it has plagued us fiom that 
time onwards till its aetiology was discovered in the second decade of 
this century. To-day in the reign of tlie second Elizabeth it has almost 
disappeared. Early in the nineteen hundreds its after effects could be 
seen in any poverty stricken area of our towns; to-day any people so 
afflicted are middle-aged or elderly. This is almost entirely due to the 
application of Mellanby's work by the medical profession to the nurture 

of the young. > , . , , . 

Rickets is the result of defective intake of calcium and phosphorus 

or both, and faulty deposition of these in the bones owing to a lack of 
vitamin D Anything whicli deprives the body of its sources of calcium, 
phosphorus or vitamin D will cause rickets. Tlius it accompanies tetany 
(deprivation of calcium), ca-liac disease and steatorrhoea (winch 
deprive the body of all three). Poverty, by leading to consump ion of 
the cereals, the clieapest way of satisfying hunger and the negket of 
dairy foods (calcium) and other sources of animal fat (vitamin D), 
results in rickets. Cereals containing much phytates, c.g. oatmeal and 
wholemeal bread, increase the tendency to rickets by making calcium 
unavailable. In animals both high calcium low phosphorus, and high 

» Maxwbll. (1930), Lancet, i, 454- and Proc. Boy. Soc. Med.. 33* ^>39. 

‘ GHAiiAM, C., and OaKLEV. \V. G. (1938). Childh.. N.S.. i, « 
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lihosphorus low calcium diets induce rickets. It can be largely com- 
batted by a source of vitamin D or of sunlight or ultraviolet light. 

How the ^'itamin D works is still a moot point. More calcium and 
phosphorus are absorbed from the alimentarj' tract when vitarmn D is 
given, but this cannot be the whole explanation, for embrj^onic bones 
grown aseptically in vitro calcify properly only when vitamin D is 
present. The effect must be catalytic for the vitamin works in such 
minute amounts. As little as 0-025 microgrammes can start the bones 
of a ricketty rat laying down true bone material in its cartilages. 

To the dietitian this problem will seem academic. His task is to assure 
a diet which wall obviate rickets, and that means a diet in which there 
is plenty of available calcium and phosphorus together wth vitamin D. 

Rarely in this country or indeed in most parts of the world is there 
too little phosphorus in the diet. It is otherwise with calcium. The 
dairy foods are expensive compared with the cereals; cheese and milk 
are the most important sources of calcium. (Indeed the intake of that 
element is closely correlated with the amount of milk and cheese con- 
sumed. ’) Vitamin D is quite difficult to come by unless one eats fat 
lish or takes cod liver oil or halibut liver oil. It is tnie that summer 
milk and butter contain some vitamin D, and margarine has artificial 
vitamin D added to it. How foods compare one with the other wll be 
clear from the table taken from Nutritive Values of Wartime Foods: 


D.mkv Foons 


Butter, Empire imported 60 


I.U. per 100 g. Fish 


I.U. per 100 g. 


Chcfso 
Dripping 
Egg. whole, fresh 
dried . 
Margarine 


15 

30 

60 

240 

200 


Herrings, fresh and cured 850 

,, canned . 170 

Mackerel . 700 

Salmon, canned . . 600 

Sardines, canned . 1000 


Fish Liver Oils 
Cod . . . 20.000 

Malilnit liver oils, not included in this table, run from 20.000 to 400,000, 


How much vitamin D is essential for the nonnal child and adult is 
still uncertain. 

As regards the cure of, or juotection from, rickets, it is fairly certain 
that 500 I.U. per day form a satisfactory dose. (The unit is the vitamin 
D activity of i mg. of the standard solution of irradiated ergostcrol and 
equals the activity 0-025 jug. of crystallized calciferol.) This is the dose 
for a child. How much is essential for an adult is not known. A problem 
still unsolved is why so many children show no obvious signs of rickets 
though their dail)* intake of vitamin D must be wtU below the level of 
500 I.U. Mild rickets occurs in many babies, but w’e should expect it to 
' McC.vnce, R. WiDDowsoN, E. M., and Verdo.n--Roe. (193S), Jottrn. Hyg., 
38. 59^ 
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be much more obvious if this figure is near the minimum. Idiosyncrasies 
of absorption of calcium, phosphorus and vitamin D and utilization of 
these essential factors may be the explanation or varying exposure to 
sunlight. Diarrhoea and dosage with liquid paraffin may impede 

absorption. 

Another problem is how long this intake of vitamin D should con- 
tinue. Almost certainly it should start before birth. There is evidence 
from China, from America, and Scandinavia that the bones of the 
new-born are better calcified if the mother has had adequate doses o 
calcium and vitamin D during pregnancy. The formation of bones and 
teeth starts before birth and continues till the last teeth are erupted, 
which may be not till 18 to 21. It is true that the usual age for rickets 
is 6 months to 18 months, but it will be remembered from the above 
that there are such diseases as renal rickets, foetal rickets^ and de aj cc 
rickets, and that delayed rickets shades off into osteomalacia, w uc 1 is 
really adult rickets. At the least— for osteomalacia is more frcciuent 
with women-extra vitamin D should be taken by women as long as 

child-bearing continues. ... 

Calcium deposits can be organized up to old age and jircsuma y m 
their organization vitamin D is needed; and, moreover, vi ainm 
aids in averting caries and there is no age at which canes < ocs no 
attack the teeth. Consequently there is every reason for including 
vitamin D in the diet at any age, and for want of a better gure \\ c 
may take the 500 I.U. necessary for children as the dose for an adult 
Doubtless it will take years for the shortage of vitamin U, to wliicn 
every adult in Great Britain was subjected during the War. to sliow its 
effects. But tliere is no reason for saying that the adult needs none. 
Wc have the experience of Vienna after the first Wor ar, \v)cn 
osteomalacia was of common occurrence, as a warning against com 

placency of that kind. > . 1 . . . 

Wc are therefore in a somewhat difficult position. I'cw ^ 
vitamin D in them except fish-liver oils and many people c is i c is 1 
liver oils so much that they refuse to take them. They can 
be introduced into fish sauces, mayonnaises, soups. i>otted ns i. .uk 
savouries, and this method of overcoming the difficulty has been a en 
up by colleges of Domestic Science and numerous recipes proc uce . 
It is astonishing that cod-liver oil introduced into gingerbrea canno )e 
tasted. There is no reason to believe that the vitamin 1 ) so in ro 
into fish sauces and other dishes loses any of its virtue in the proeps o 
cooking,* A first-rate cod-liver oil costs about the third of t le price o 

' Maxwell. (1930). Lancet, i, 45-i: and {i 93 '’)- 

* May Mella.sijv. (1944), 

* Lindsay. J.. and Mottkam. V, H. (1939). Med Journ . i. m 

* I'iXSEN. (1938-9). Nil/. Abs. and Rev.. 8, 281. 
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salad oil and can be recommended in making a salmon mayonnaise on 
the grounds of economy. 

Of course foods could be fortified either by the addition of con- 
centrates, as all margarine in Britain is fortified to-day, or by irradiation 
with ultra-violet light, as is done in the United States. Yeast and milk 
lend themselves to irradiation. Otherwise we must rely upon fish-liver 
oils and treat them not as a medicine but as a food. 

Fortunately, severe rickets is almost a thing of the past in Great 
Britain, though not in Ireland; and mild rickets has decreased remark- 
ably, probably as a result of the work of child welfare centres. Dentition 
in this country, to judge from general observation and specific investi- 
gation.^ is on the upgrade, though there we have a long way to go 
before we reach the standard of the American and Canadian soldiers 
we entertained during the war of 1939-45-® 


Vitamin E 


It has long been known that there is another fat-soluble vitamin 
essential for reproduction in the rat. In its absence the male becomes 
permanently sterile while the female, though she conceives, cannot 
bring the foetuses to birth— they are reabsorbed by the placenta. None 
the less, if put upon a diet containing the vitamin, she can thereafter 
successfully raise a family. The vitamin is found in greatest amounts 
in wheat oil. though it is widely distributed in green foods and in milk. 
Four alcohols, a- and /3-,y-andtS-tocopherols, have thisvitamin Faction. 

Tlu‘ majority of tiic human race do not suffer from any particular 
lack of tliis vitamin l.'ut it is possible that some women need much 
grcatiT amounts than others to carr}- through a successful pregnancy. 
There is suggestive evidence that habitual abortion responds to the 
'•xhibition of doses representing about 5 g. of wheat oil during preg- 
nanes ’. 3 but not all obstetricians arc converted to that view.* It is held 


^ Mav Mki.t -AN in*. (19^4), Hr It. Mid. Joitnt., t, 837, 

- In tin* iU)ovc paraj^rajihs on vitamin 1) wc have throughout assumed that this 
Mtainiii is coUi orned with deposition of calcium in the deiiline and enamel of 
teetii. It lias hocomc fashionable to decry this — see Bicknec.l and Prkscott. 
(1033). Tiu' I’itamitjs in Midicirn'. \Vc arc aware of discrepancies between faulty 
dt positioii cd calcium in the bones and in the teeth. A clilld may be ricketty and 
vet ln\'(* perfect teeth, liave perfect b<»ncs and decayed teeth. \Vc arc, however, 
Ci>nMnC(‘il that tlepo>Hi(Ui of calcium compounds in the animal body is in- 
ihienced by vilainiii iK that wc accept thi^ as true. It is for future research to show 
\Nliat ullurs facl<»rs-e g. vitamins A and C. mineral elements, etc. — are concerned 
in tin* [>atliogrncsis of dental caries. 

\'oor-.Mc)i.Li:R. (1031). l.a}}Ctt, 2, 182; (1033), Obsf. cl Gynctc. Sftand., 
ij, Jin: (io3<>). Kiht. 15, ^3; Watson, (1936), Can. Med. Assoc^ 

7 uoa . 34, 13,1; W atson and J i:w. (1930). Awer. fount. Obst. and Gyuarc., 31, 
iSj; Cthkik. ^I937), M* il. Jouni., 2, 121S. 

I ide a iHscns'.ifm In ld l>v tin* I'nnfl (iroiip of the Society of Industrial Chemists, 
.\pnt, inV'i 
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by one professor of medicine that good advice to the habitual aborter 
is as efficacious as a course of vitamin E concentrate. This does not, 
however, explain the success which Vogt-Moller claims in veterinary 
practice. At any rate the problem of the prevention of habitual abortion 
is more medical than dietetic and will be treated, if the vitamin E 
hypothesis holds, rather by giving a concentrate of the vitamin than 
by a diet rich in vitamin E. It is difficult to give a diet satisfactory for 
vitamins A, B, C and D without giving vitamin E at the same time. 


Other Vitamins 

As research continues, it is highly probable that more vitamins will 
be discovered and that later these will be shown to be important for 
man. Many have been discovered or postulated for this or that animal 
and it may be that one or another will prove to be indispensable in 
human nutrition. One such vitamin — Vitamin K — known to be im- 
portant in the feeding of chicks, sprang into a position of more than 
theoretical importance late in 1939-' It shown by Dam that a 
number of infants W’ith a syndrome of symptoms including jaundice, 
hemorrhage and dropsy, liad a reduced clotting-power of the blood. 
In chicks suffering from a lack of this vitamin the resulting diminished 
power of coagulation of the blood is due to a lack of prothrombin, and 
feeding them with vitamin K restores to the animals their power of 
making prothrombin. 

further, four adults were shown by Dam to be deficient in prothrom- 
bin as the result of a lack of this vitamin. Three had scurvy and one 
pellagra; therefore their diet was highly deficient in ascorbic and 
nicotinic acids. All had a low prothrombin level which became normal 
24 hours after treatment with vitamin K. Low prothrombin levels have 
been observed in patients suffering from obstructive jaundice, sprue, 
biliary fistula and ulcerative colitis— diseases in which there is either 
a lack of bile salts in the alimentary' tract or poor absorption of fat. 

There are two naturally occurring substances which restore to the 
blood its lost power of cloUing, (i) vitamin Ki, or 2-methyl-3-phytyl-i. 
4-naphthoquinone, and (ii) vitamin Ks or 2-methyI-3*difarnesyl-i. 
4-naphthoquinonc. The first is found in green vegetables, c.g. cabbage, 
spinach, green peas, alfalfa or lucerne, but not in fruits or cereals; the 
second is manufactured by bacteria including tliose living in the gut. 

Both these naphthoquinones are soluble- in fat and fat solvents, but 
are insoluble in water. Consequently the body has difficulty in absorb- 
ing them when there are no bile salts in the gut or in other cases (e.g. 
sprue) when the absorption of fat is deficient. Medicinal paraffin oil 
impedes the absorption of vitamin K. 

> Dam. H. (1939). Lancet, z, 1157 and 1162. 
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Commercial 2-methyl- 1 : 4-naphthoquinone is even more active than 
the natural vitamins and though mildly toxic is replacing them in 

therapy. 

It will be clear from the above that the normal person eating a mixed 
diet including green vegetables is never likely to suffer from a lack of 
vitamin K. Even in the absence of these vegetables he can rely on the 
microbes in his large intestine to manufacture a sufficiency. But if his 
powers of absorption of fat are lowered or his intestinal flora depressed 
by a long course of sulphonamides he may suffer from a deficit. Babies 
when bom have a sterile gut and it takes two or three days to establish 
therein a good bacterial flora. If then the mother’s diet has been 
deficient in Ki or her absorption of Kz from her colon been poor, the 
baby is born with a lowered prothrombin titre of its blood. Hfemor- 
rhagic disease of the newborn is often attributed to lack of vitamin K, 
and the Scandinavian school of obstetricians and paediatricians use 
vitamin K as a prophylactic.* American data are not so encouraging. 

In dietetics vitamin K is not important because a diet satisfactory 
for the earlier discovered vitamins, particularly A and C, will most 
probably contain K. But it is important for jaundiced patients, and 
extra amounts should always be given to jaundiced patients about to 
undergo an operation. 


Vitamin P 

'I he work on this vitamin is in such a muddle that the American 
Medical Association advises us, in vulgar phraseolog}^ to “forget it.” 
Szent-(iyurgyi believed that the fragility of the capillaries seen in 
scurvy is due not to tlie absence of ascorbic acid in the diet but to a 
vitamin which frequently accompanies ascorbic acid in foods. He 
considered that hesperidin, a flavone from orange peel or pulp, is this 
vitamin. Later he tliought it to be eriodictyol. Workers in this country 
have j-iointed to other substances with a similar action, and have pre- 
pared concentrates witli sixty times the activity of crystallized hes- 
peridin. 

.•\lthough tlic reputed jiresence of \ itamin P does not run parallel 
witii that of ascorbic acid it is undoubted that a diet which contains 
jdi'iity of fruit will cover the needs for this (hypothetical?) vitamin. 
Most vegetables contain this vitamin too, but in smaller amounts. 

1 lowever important in science and medicine the vitamins discovered 
in the future may prove to be, it is unlikely that such discovery will 
make much dilference to the principles and practice of dietetics. The 
more recently discovered vitamins were discovered only because the 

‘ Lehm.\nn. {19^4). Lancet , i, 493, 506, and 2, 737- 
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earlier vitamins had been isolated and purified; and of course, generally 
speaking, the more widely distributed and easily isolated vitamins were 
the first to be isolated and synthesized. If the physician is treating 
deficiency diseases with vitamins he should use a blunderbus prepara- 
tion of all the known vitamins, for deficiencies are rarely single but 
multiple. Now a mixed dietary, containing dairy foods, fruit and 
vegetables, fish and whole cereals is a blunderbus diet. It contains all 
the known vitamins and probably all the unknown vitamins as well; 
whereas a blunderbus vitamin concentrate may, and probably will, 
exclude the undiscovered ones. 


Mro 



V \ CHAPTER VI 

PRACTICAL ASPECTS OF KNOWLEDGE OF 
t-ALORIES, PROTEINS, MINERAL ELEMENTS 

VITAMINS 

It is tinie to sum up the facts and e\adence put forth in Chapters II 

^ ^ “ possible how an optimal diet may be 

Ob amed. lo quote Sherman: sound diet stands four-square upon 
Calorics, proteins, "mineral'’ elements and vitamins. Each group is 
important ^nd each member of each group is important, and in its 
absence the body sooner or later dies. Perhaps the importance of water 
should be emphasized as well. The body, as has been said above, lasts 
rut 4 to 5 days only without water, some 50-70 days without Calories 

and protein, and much longer without most of the mineral elements 
and the vitamins. 

The a\'cragc man, and indeed the average dietitian, cannot carry 

Zt ,1’ f-cts which have been adduct 

ZC . Z composition, the mineral 

1* ments and the vitamin values of the multitudinous foods which 

appear p-cn in a modest diet. .Kor is it at all necessaiy that such data 

1 ; i ■, “ over- 

Z i-, , V f '''' *" ‘“'‘■'ct of the particular 

man. (1 ears ago Langdoii Brown said that the likes and Lhkes of 

a I hj s ciaii can lx- ganged by what he allows-or forbids-liis dyspeptic 
hk es an i°nr‘' . element often 

the foods in the simple plan already laid out on p. 16. ^ ^ 

arem'ri "7"' P^eoeding chapters, that foods which 

those for' nrT ' 7“ “"“ Srocer and baker; 

those for protein come from the dairyman, the butcher and the rist 

monger; while those which supply the mineral dements and the vita- ' 
Sundr7?7od ’ '' ‘»e fishinon^^r. 

valuable L numbiu®"" " ‘ho foods 

011^777^7 '7'*' “'’‘’7'^ “ “ fiest-class protein, of 

calcium and phosphorus, of vitamin A and to a smaller extent of the 

vitamins riboflavine, nicotinamide, ascorbic acid and, in summer. D. 

It ,s moderately useful in supplying Calories-as good as potatoes. 

i6o 
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Cheese and other milk products also are valuable in similar ways — 
cheese and butter yield many Calories too. Eggs add iron to the good 
qualities of milk but are a dear source of Calories. Herrings and the fat 
fish generally are useful for protein, calcium, phosphonis, iodine, 
vitamins A and D, riboflavine, and nicotinic acid. Nor are they to be 
despised as sources of Calories, in fact the enquiring mind is driven to 
assume as fact the great importance of the dairy foods and fat fish in 
the diet. Nor is he allowed to forget the market-garden produce — the 
vegetables for vitamins A and C and for iron and possibly calcium, 
the summer fruit for ascorbic acid, most fniits for the hypothetical 
vitamin P and the imported citrus fruits, also for ascorbic acid. 

Perhaps the matter may best be displayed in tabular f^am. 

Dripping, frying fats, suet, butter, mar- 
garine, bacon, cheese, fl*ur, bread, 
cakes, biscuits, sugar, dried fruits, jam, 
golden syrup, treacle, potatoes. 

Milk, eggs, meat, fish, cheese. 

Cheese, fat fish, milk, eggs. 

Eggs, green vegetables, liver, and o*#ked 
meat. 

Eish from the sea. seaweeds. 

The dairy foods, green and yellow vege- 
tables, liver and tomatoes. 

Yeast, wheatggrm, liVei*, kidneys, pfrk, 
bacon ^ncl ham, whole cereals, whole- 
meal and wheatmeal bread. 

Yeast, wheatgerm, liver, skimmed milk 
powder, cheese, lish and milk. 

Yeast, fish, meat •llai, wheatgerm, meat. 
Summer fruits, citrus fruits, green vege- 
tables, liver, a few r#«t.s of the cabbage 
and tomato tribes. 

The fat fisli, fish li\ ers. summer milk and 
butter. 

Now leaving on one side for the moment ( alories and ])rotC‘in and 
turning to the mineral elements and the vitamins we can group them 
roughly as follows: 

(i) Dairy foods, i.e. milk, butter, cream, cheese and eggs (and 
fortified margarine). 

(ii) Greengroceries, i.e. "greens," carrots, swede, turnip, radish, 
tomatoes, summer fruit, citrus fruits. 

(iii) Sea produce, i.e. fish, particularly the fat fish, shell-fish and 
seaweeds. 

(iv) Whole cereals (but with these much dairy food and greens imisf 
be taken to outweigh the deleterious effect of the rereal 
phytates on the intake of calcium and iron). 


i> Foods for Calories. 


Foods for Protein. 

* 3. Foods for rCalcium. 

Mineral Iron. 
Elements 


Iodine. 
Vitamin .-X 


Thiamine. 


4. Foods for Riboflavine. 
^^Vitamins 

Nicotinic acid. 
Ascorbic acid. 




Vitamin D. 
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In Great Britain the diet on the whole has been satisfactory in the 
past as regards Calories. Only the "submerged tenth'*— far too large a 
proportion— have not had enough Calories. (In India, however, 30 per 
cent, fail to attain even sufficient Calories.) On the whole, too, the diet 
has been satisfactory as regards protein, though perhaps not for first- 
class protein. It is in the dairy foods, the greengroceries, the sea produce 
and. possibly, in the whole cereals that the diet has been deficient. The 
reason is partly cost, partly defective transport, partly lack of education 
and partly poverty. Poverty does not directly explain the refusal to 
eat whole cereals and unmilled rice, though poverty prevents people 
from buying milk and vegetables which are essential if whole cereals 
are taken to^ny large extent.^ 

These foods which we have listed, (i) to (iv) above, have received 
the name ‘‘protcclivc foods.” The term originated with McCollum who 
first applied it to milk and green leaves which protect rats from the 
deleterious effect of an exclusively cereal diet. Then in time it was 
extended to all foods which contain the necessary mineral elements and 
vitamins in any considerable amount; and the term has received. the 
blessing of most dietitians. 

It is ca.sy to criticize it. It is unscientific and untrue. All food protects 
you against hunger, and death in 50 days. Water protects you against 
death in four days. You can carry on for months without a reasonable 
supply of calcium, iron, iodine, vitamins A, C and D in your diet as 
Marrack points out. Moreover, the term has given rise to the expression 
"piotectc-d’’ food, meaning a food which has not had its vitamins 
destroyed l)y processing or cooking. Wholemeal is sometimes absurdly 
descrilx'd as a "protected food." It is utterly unprotected on the sides 
of vitamins A, C and D. Probably the best usage of the term "protective 
foods" is in the sense of the foods which protect the layman from 
making a dietetic fool of himself. The term is a good one, though 
unscientific, and it has a great value for propaganda purposes. It is 
l.i’causc tlu' diet of Great Britain, and indeed most other countries, 
needs improvement by the addition of just those foods that the term 
“j)rotective foods" is retained. It should encourage politicians and 
agriculturists and the city folk to the spending of thought, time, 
energy and money on the correct feeding of the nation. The supplies 
of dairy foods, market-garden foods and fish should be at least 
doubled, and with the climate, soil and position of the British Isles 
that should easily be possible. It is a policy which would make for the 
health of the townsman and the economic health of the nation. The 
market is here at the door and the problem of getting the goods 
fresh to the table is one of co-operation, transport, refrigeration 


* Sir F-dwani Mcllanby has maintained that it was a wise 
krpi the poor ort wholemeal broad. 


'‘instinct 


ft 


which 
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on the way and in the home— problems by no means i nsoluble . 

Given a supply of fresh "protective” foods, of grocericSrt>re^. 
confectionery, and meat, how should an optimal diet be constructed? 
There are two ways. We can start right from the beginning, making 
away with all the schedules of menus we have had in the past; or we 
can take those schedules and by criticizing them in the light of know- 
ledge of the "protective” foods, amend and bring them up to modern 
dietary standards. Probably the latter will be the more popular and 
certainly more British way of solving the problem. Either plan followed 
wisely will produce much the same result. One produces a safe diet, the 
other makes the diet safe. 

The radical plan, i.e. going to the root of things and altering thence 
upwards, consists in (i) getting first of all a sufficiency of the protec- 
tive” foods or, if you prefer it, the foods rich in mineral elements and 
vitamins, (ii) second, in supplying foods with first-class protein in tliem, 
and (iii) making up Calorie needs from the foods which are mainly used 
to supply Calories. 

Let us take an example, easily possible if agriculture and food 
policy are planned to that end. 

Protective foods. Dairy foods: Milk, i pint. Cheese, i oz. Butter. 

or margarine oz. Egg, i per day. 
Greengroceries: 4 oz. tomatoes and 3J oz. green 
vegetables or carrots per day. 

Fish: I lb. of herrings per week. 

80 per cent, extraction bread: 8 oz. per day. 


These work out as follows, taking average figures from the tables: 



Cal- 

cium. 

mg. 

Iron. 

ing. 

Vit. A. 
I.U. 

Thia- 

mine. 

Ribo- 

flavine. 

Nico- 

tinic 

Acid. 

mg- 

Ascor- 

bic 

Acid. 

ing. 

Vit. D. 
If. 

Milk; 1 pint 

680 

00 

4 00 

260 

965 

0-6 

6 

28 

Cheese; 1 oz. 

230 

0-2 

369 

9 

47 


0 


Butter: i} oz.‘ 

12 

0-0 

1704 

0 

2 

— 

0 

41 

Egg: I 

Tomatoes: 

3 ^ 

>'5 

500 

75 

200 


0 

22 

4 oz. 

12 

0-4 

964 

50 

57 

0-6 

^4 


Greens; 4 oz. 
Herrings: 

46 

0-7 

210 

50 

45 

0-3 

15 


2? oz. 

4 * 

07 

64 

4 

(>5 

1-9 

0 

J 9 ^ 

Bread: 8 oz. 

272 

2-4 

0 

336 

68 

3 

0 


Total 

1223 

5-9 

4211 

790 

1449 

70 

« 

45 

2«3 


^ It would make little difference if margarine is substituted for butUT 
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And, in addition to the above, the diet so far as prescribed has nearly 
6o g. protein of which 38 is animal protein, 77 g. fat and 147 g. carbo- 
hydrate, and fields over 1500 Calories, i.e. on the score of protein and 
Calorics it is sufficient for some women. ^ It is already safe for calcium, 
vitamin A and ascorbic acid, but is doubtful for iron, thiamine, ribo- 
flavine and nicotinic acid and possibly for vitamin D. 

Very few people would be satisfied with the animal protein of such 
a diet and would want to add, say, 2 oz. bacon and at least 2 oz. meat 
a day. If these are added the diet has 73-6 g. protein, 1854 Calories, 
and 10 mg. iron; the thiamine has reached and ribofiavine i-S 

mg. and the nicotinic acid 13 mg. So that by now, although the figures 
for the iron and vitamins B have not reached the levels recommended 
by the National Research Council of the U.S.A. the diet is deficient 
jiractically only in Calories. There is a leeway of 1200 to make up if we 
ai e aiming at 3000 and this can be done in any way which is convenient, 
agreeable or economic. The well-to-do will increase the fats, the not so 
rich, bread and potatoes. Potatoes up to 8 oz. a day might be eaten. 
Jams, golden sjTup, honey and treacle might be used as spreads or in 
cakes and puddings. Sugar too would add to the Calories, though to 
notiling else. Ihe middle classes would certainly take more meat and 
add fniits and salads. There should be no difficult}' in making the diet 
completely satisfactorj' by a wise choice among the foods chosen to 
make up the deficit in Calories. 

1 he ('ther line of approach to the solution of obtaining a satisfactory 
diet 0 ;ake the normal diet to which the person to be fed is accus- 

tomt a nd to amend it by including the foods given above under the 
hiding of jirotective foods. 

^ T vxample, the following is a day’s menus submitted to one of us 
for criticism from a boarding-school: 


Breakfast 

Mid-morning snack 
Dinner . 

Tea 

Slipper 


Porridge, bacon, half a fried tomato, bread and 
butter, marmalade. Tea. 

I pt. milk. 

Cold roast beef, mashed potatoes, pickles, rice 
pudding, bread. 

Brown and white bread and butter, small cake or 
scone. Tea. 

Bread and butter, baked beans on toast, and a 
biscuit. Water. 


We can be fairly certain riiat tliis diet will be adequate as regards 
Calories and first-class protein, especially if, as is fortunately common 
m boarding-schools, second helpings of meat are allowed mrd bread, 
butter and jam arc ad lib. But when we scrutinize the diet for the 
protective foods we begin to marvel. 

The dairy food^are represented by milk and butter only. The boys 

1 WiDDOWso.N, E. M.. and McCance, R. A. (1936). Jott rn. Hygiene. 36, 294. 
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may be getting one pint of milk a day, but it is doubtful. It would be 
much sounder to supply milk to drink at breakfast and supper, or if 
the pupils think milk to be babyish, milk with a "dash of coffee.” 
Cheese is completely neglected on this day, and, as a matter of fact, 
was neglected on nearly every other day of the week. 

The market-garden foods and special fruits are also absent except 
for the half of a fried tomato. To amend this diet it would be well to 
replace the pickles of dinner with a salad of tomatoes, watercress, 
mustard and cress, or raw cabbage well disguised with lettuce and 
salad dressing, or an orange, or lemonade made with fresh lemons 
should be given, or some fresh or canned summer fruits.^ 

The remaining meals are practically devoid of protective foods 
except that some brow'n bread is provided; but there is no adequate 
source of vitamin D anjwvhere in this day's menu. Nor did much 
appear anywhere else in the week under consideration. Instead of the 
baked beans, herrings, kippers, bloaters or soft rocs on toast might 
well appear, or a white fish dish with a sauce fortified with vitamin D 
in cod-liver oil {sec p. 155). 

Most middle-class diets which are adequate as regards Calorics and 
first-class proteins can easily be made satisfactory' in all directions by 
the replacement of some of the foods served by those in the four classes of 
protective foods listed above. All classes must be well represented. This 
method of obtaining a satisfactory diet involves but the simplest know'- 
Icdge of dietetics and moreover avoids the one-sided fanaticism which 
insists on, say, potatoes boiled in their skins, the use of the water vege- 
tables are boiled in, or the exclusive use of unmilled cereals, which, though 
they may improve the diet in one direction, may make it worse in others. 

As a footnote to this chapter on a safe diet we should like to call 
attention to a large-scale experiment made upon U.S. soldiers training 
in arduous conditions in a cold environment. The soldiers were di\ idod 
into two groups. One group, the controls, were on normal army rations 
plus a small supplement of ascorbic acid (24 mg. per day). The other 
group were heavily supplemented with thiamine 10 mg., ribollavine 
10 mg., nicotinic acid 100 mg., calcium pantothenate 80 mg., pyridoxin 
40 mg., folic acid 2-0 mg., a.scorbic acid 300 mg. and cyanocobalamine 
4 all four times a day (!). This positive wallow’ing in vitamins made 
no difference to any capacity: forced marches. Harvard step test, 
physical fitness test, dynamometer test. The only difference observal)lc 
was that the rectal temperature fell less in the supplemented group on 
exposure to cold, than in the controls! 

I It is amazing huw infrequently fruit appears in the diet of people in Britain. 
Of course, fruit is dear and scarce. But it is conceivable that school gardens, at 
any rate, could grow bush fruits. The dietitian of an institution should have the 
chief say in what should be produced in the garden. 



CHAPTER VH 


THE PROCESSING AND STOR^jE^U^ODS 

One of thelnai^r^eatest difficulties in preserving himself alive on 
this planet has been the alternation of glut and famine due in early 
history to the flux of the seasons and the uncertainty of the weather, 
and now due. in addition, to the economic and political systems under 
which he subsists. Man’s endeavour has been to use the surplus of the 
glut to provide food in time of famine. The storage of food is the 
beginning of capitalism, and the first large-scale storage of food 
recorded, in Egypt under the foresight of Joseph, a Jew, the beginning 
of state capitalism. Man wants to make food keep. 

Now there are some foods which, with a little care, can be made to 
keep for years. These are the cereals, and it is not astonishing that 
civilization has grown up round the centres of cereal production, for 
this and for other reasons to be developed later in this book. Cereals 
stored in the dry and protected from the inroads of insects and rodents 
will keep almost indefinitely. The plant has used “dehydration to 
prvsiTve its means of propagation from one season to the next. Prob- 
ably, therefore, cereals were the first things to be stored from one year 
to the next. Other seeds, such as the pulses, also can be kept almost 


indefinitely. 

Protein-containing foods, especially the prized meat, poultry and 
fish, will not keep. They form an excellent nutrient medium for the 
growth of microbes, mainly the putrefying ones. A dead animal soon 
rots and develops unpleasant odours, and unless one is brought up to 
oat decomposed meat, game, eggs and fish, it becomes “unfit for con- 
sumption.''* Such decomposition is aided by the blow-fly, the maggots 
of which render meat protein soluble. Putrefaction depends upon the 
presence of digestible protein and moisture. If the moisture content is 
reduced considerably these protein foods can be kept against a rainy 
day. Meat and fish have been dried in the past by native races and are 
still being dried to make them keep. Pemmican of the Red Indians and 
Charque of South America and the dried fish of the Eskimo of the 
Mackenzie River delta are examples. And to-day this process of 
dehydration (really, of course, dia ing) is being used on a large scale 

* We eat game and cheese in a state of putrefaction: the Eskimos eat decom- 
posed meat; the Chinese cat pidaiig. i.c. duck's eggs which have developed the 
odour of decay. No harm results. 

Ibf) 
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to supply vegetables out of season. The one naturally occurring high 
protein food (pulse) keeps very well because of its low content of water. 

The moisture of fruits and vegetables allows moulds to ruin their 
palatability. For many years this has been obviated by drying the 
fruit and there is an extensive trade in dried grapes (muscatels, raisins, 
sultanas and currants), dried apples and pears, dried figs, dried apricots 
and peaches and plums both in war-time and in peace. Some of these 
owe their keeping qualities in part to their high content of sugar. Dried 
vegetables have been used in eveiy' war within the last 100 years, but 
with ill results, because of the destruction of ascorbic acid in the 
methods of drying used. In the war of i939”45 difficulties of drying 
vegetables have been overcome, their ascorbic acid value has been 
preserved and they can be reduced in weight to one-twentieth or less 
and be transported to the desert or the Arctic Circle, and when rehy- 
drated and cooked are as good as, or possibly better than, vegetables 
from the home market. These dried vegetables arc still being manu- 
factured, and in view of their advantages to the restaurateur, tlie trade 
in them will expand. 

Dehydration of fish and meat has made such strides that it is likely 
that much of the fish cakes and mince we eat in restaurants in the future 
will be made from dehydrated foods. The problem of dehydrating 
joints and large pieces of meat has not been solved, if it ever will be. 
so that no one need suspect, as yet, that a chop or a steak, or a cut from 
the joint has come from a dehydrated source. 

Most of us became familiar with dried milk and dried eggs during 
the war 1939-45, but dried milk is said to have been made by tlieTartars 
in the thirteenth century,* and it has been used in infant feeding since 
1906,* Dried eggs, though dating from the first World War, became a 
standby in the war of 1939-45. and though their taste and flavour are 
not equal to that of “shell” eggs, they were an exceedingly welcome 
addition to the war-time commissariat. They represent an enormous 
saving in carriage. 

If and when China becomes a settled and peaceful and industrialized 
country it will be a chief source of dried eggs. During the Second World 
War the eggs were produced and dried in Canada and the United States. 
Before this war large quantities of eggs, shelled and frozen, were im- 
ported from China into this country for use in the confectionery and 
margarine trades. There was considerable outcry from the poultry 
industry but it seemed hardly justifiable. 

Drying, then, is a means of making foods keep, though not in- 
definitely. The housewife uses this fact when she turns this cold roast 
joint over on its dish every twenty-four hours. If left moist side down 

‘ Appleton. (1942). Proc. Nut. Soc.. i, 114. 

* CouTTS. I1918), Loc. Gov. Hoard Rep., ii6, i. 
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the putrefactive microbes can soon render the moisture (i.e. 
putrid and foul smelling. But if the moist side in contact with the dish 
is turned uppennost, it dries and the microbes cannot thrive 

One type of drying is to produce such a concentration of sugar in 
the food to be preserved that microbes cannot grow. In jam-making the 
final sugar content is raised to over 6o per cent., in which strength of 
solution microbes cannot grow. The honey bee uses a similar technique, 
though it is said also to add a little formic acid as a presen^ative. In the 
making of glac6 and crystaUized fruit the cell juices are replaced by 
stronger and stronger solutions of sugar until a strength is reached in 
which no microbe can grow. Sweetened condensed milk owes its keeping 
power partly to the condensation, partly to the concentration of sugar 
and partly to the bacteriological cleanliness used in its preparation. 

The saitins and smoking of meat, particularly pork, has been prac- 
tised for more than 500 years. The meat keeps because the outside 
layers have such a high concentration of salt that invasion from outside 
is'impossible. The microbes cannot live in the strength of salt solution 
found in the outer layers of the meat. The inside of the meat starts 
sterile, is protected in the early stages of pickling by its acidity and in 
the later stages by the salt in the outer layers. Potassium nitrate 
saUi'ctre — also used in curing bacon and ham — is an antiseptic. Further, 
smoking, when used, partly owes its effect to antiseptics in the smoke 
and I'aitly to the ('ffect of still further diying the meat. (The salt will 
extracted some water already.) It should be realized that the 
insit' ' a ham can easily undergo putrefactive changes if cut and 
to the air. Ihere is not enough salt there to plasmolyse mic- 
lol,; It normally remains sound because it is protected by la3'crs of 
1 ;,( rut rated salt on the outside, though infection may travel along the 
lione or along the big blood vessels near the bone. 

Micro-organisms an? the main, though not the only, cause of spoiling 
of foods, but some strains of tlie acid-producing microbes can be used 
.icmallv to j.reserve food or at least to stave off putrefaction. By 
Miming milk, particularly if alcohol is formed at the same time, the 
mill; can be made to last longer than normal. Sauerkraut is cabbage 
jHi'S« i\id by means of acid-producing bacteria and is popular as an 
edible lintli in Germanv and in the German-settled parts of the United 
States. Silage is cattle fodder treated in a similar way. Green Indian 
corn stalks and other fodder plants can be preserved throughout the 
winter as fodder for cattle and retain much more of the nutritive value 
than if first dried. 

Another way of making food “keep” is to fractionate it, i.e. keep one 
fraction and throw away the rest. Butter is the fat of milk, but the 
caseinogen and the lactose of the milk fri>m which the butter originated 
must either be used at once, or drie<l. It was, until recently, thrown 
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away, or at the best used as pig food. The “Household milk’’ of the 
War of 1939—45 was the skimmed milk arising from the manufacture 
of butter on the North American continent. Cheese is really fractionated 
milk. The fat and the caseinogen, plus the calcium of the milk, are 
preserved, and the lactose and lactalbumin largely wasted. (Dried 
whey, the residue of the milk after the casein has been produced, is a 
valuable food.) Fractionating cereals also improves their keeping (lual- 
itics but for a different reason. The oil of the cereal germ readily goes 
rancid in air, and the mixed proteins of wholemeal support insect life 
better than those of white flour. White flour does not readily develop 
an ''off” flavour whereas wholemeal does. Whole wheat keeps better 
than wholemeal, and white flour nearly as well as whole wheat. This 
fact probably explains the determined opposition of the milling and 
baking industry to the production of war-time flour and bread. 

Antiseptics, i.e. substances inimical to microbic life, have been in 
the past and arc still being used to preserve iood. Hops are added to 
the wort in beer making because they contain an antiseptic. The beer 
keeps better. The commonest artificial antiseptics are benzoic acid anti 
benzoates, boric acid and sulphites. Benzoic acid is used in the fruit 
juice industry, boric acid in cream and sulphite in sausages and fresh 
fruit. Benzoates are pennitted in pickles and non alcoholic beverages 
but are being supplanted by sulphur-dioxide. Before the war of 1939-45 
the jam-makers of this country imported much fruit, especially black 
currants, from the Continent preserved with sulphite and the Camden 
solution used in bottling fruit is a source of sulphur dioxide. 'I he 
function of the antiseptic is to poison life and there is always the 
pos.sibility that it may upsed human life, so the tendency is to move 
away from antisepsis towards asepsis in the food industry as in surgery. 

If we can put up U susceptible food in a container free from microbes 
it will remain unchanged almost indefinitely. This is tlic principle 
behind the canning and bottling industry which has grown to such an 
immense size during this century. On the commercial scale it is (piite 
impossfclc to prevent some microbes (bacteria or fungi) from coming 
into COTtact with the meat, fish, fruit or vegetables to be preserved 
before they go into the container — in fact this would be possible for 
meat, only in the most up-to-date operating theatre— but those which 
obtain entrance are killed by boiling or lieating under pressure, and the 
vessel sealed before any more live microbes can make their entrance. 
With fruit and vegetables it is not necessary to raise the temperature 
much above the boiling ])oint of water but with fish and meat the 
temperature surrounding the container has to be raised to 125 C. 
partly to allow the heat to penetrate to the centre and partly because 
‘ the hydrogen ion concentration of meat and processed fish is favour- 
able to the growth of putrefactive microbes while that of fruits and 
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vegetables is not. More care to destroy all microbes is necessary with 

meat than with fruit and vegetables. 

It should be mentioned that the greatest care has to be taJeen of 
fruit, vegetables, meat and fish before they are canned. Nothing but 
the best and cleanest are good enough, and the time between harvesting 
or slaughter and inclusion in a container has to be the shortest possible. 
Fruits and vegetables are canned within 24 hours of picking or pulling 
and often prescn'C more of their ascorbic acid than similar goods sold 
"fresh” on the open market. Cleanliness is at a premium in a cannery for 
the fewer microbes which get into the cans before sterilizing the better. 
That they do get in at times is shown by the "blown” cans, and the 
occasional occurrence of food poisoning due to canned goods. In spite 
of these occurrences, which arc rare, the practice of canning foods has 
come to stay. It is verj- valuable in taking advantage of a glut, in 
transporting foods from'one part of the world where they are cheaply 
and easily produced to another where they are produced with difficulty, 
if at all, and in increasing the range of food-stuffs available. 

Tliere is still a strong prejudice against canned goods though it has 
but little basis in dietetics. There is small if any damage done to the 
nutriti\e values of the protein, fat and carbohydrate; thiamine, it is 
true, is probably destroyed and there is loss of ascorbic acid. None the 
less, it is true that canned fruits and vegetables often contain more 
ascorbic acid than similar fruits and vegetables, bought in the open 
market and cotiked in the home. The objections to canning are mainly 
astlietic and moral. Often canning changes the flavour of goods for the 
worse though tliere arc people who prefer canned pineapples and 
grap( fruit to fresh; and some, canned ox-tongue to fresh, and connois- 
seius maintain that the hoiger sardines remain in their cans the better. 
(ii nerally speaking, the flavour of canned goods does not approach that 
of frtsli foods. Moreover, there is the indictment on moral grounds. It 
is thought immoral of the workitig classes to live on canned foods. As 
a matter of fart, the big hotels are the greatest users of canned goods — 
thej' are so convenient and standardized in appearance. It is much 
easier to warm and open a can of niceh* graded and dyed green peas 
than to shell .iml rook the product of a city market. Meanwhile, it must 
be admitted th.it it is ditteticallv advantageous to be able in winter to 
open cans of black currants, loganberries, spinach and new' potatoes 
in this country, or in the nor llu rn parts of the United States or Canada, 
w here the snow is on the ground for 5 months of the year, and to have 
summer fruits and vegetables available in winter and early spring. 
With home-cured foods there is a risk of botulism for clostridium 
hotalinus is a common soil microbe in the U.S.A., Great Britain, South 
i\frica and Australia.* 

* See Joxtrn. 6 Vj. of b'ood aud Agri. (195 j), 3* 86. 
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Fruit juices and, for that matter, meat juices, can be rendered sterile 
by filtration through Chamberland filters, i.e. unglazed porous pottery 
filters with holes so minute that they hold back the microbes. This 
method is used on an increasing scale in the United States, but it is not 
suitable for all fruit juices, for it holds up at the same time some of the 
Qavour. 

Partial heat sterilization, or pasteurization, is used with milk and 
fruit juices. Pasteurization consists in raising the temperature of the 
fluid to be pasteurized to a height varying for each food and keeping it 
there for a definite time. The length of time varies with the temperature. 
Thus, milk has to be held at 145® F. no less than 30 minutes — the so- 
called holder process — whereas if it is raised to 161® F. the time neces- 
sary falls to as little as 15 seconds. When the time is so brief the process 
is termed flash pasteurization. Until the War of 1939-45 the holder 
process was the one favoured in this country, but flash pasteurization, 
despite its difficulty in control, has been permitted since 1941. 

The function of pasteurization is (i) to kill pathogenic germs such 
as those of tuberculosis, undulant fever, typhoid, etc., and (ii) to destroy 
most of the lactic-acid-producing microbes.* Ihis enables the milk to 
keep much longer — properly pasteurized milk made under laboratory 
conditions will keep a month, and commercially pasteurized milk will 
last five or six days in summer before going sour. Such milk is not 
sterilized — there may be heat-resisting spores in it, which will later 
germinate and invariably a few lactic-acid producers escape destruc- 
tion. Pasteurization kills the more abundant and non-spore-forming 
microbes and so delays souring.* Even T.T. milk contains microbes and 
should be pasteurized. Its great advantage is that it keeps good longer 
than dirty milk. 


Cold delays microbic activity; milk which would keep two or three 
days in cold weather will last hardly a day in warm; frozen meat will 
keep indefinitely. There are stories of hunters in the Arctic Circle 
coming across frozen mammoths which must have gone into cold 
storage jeons ago, the meat of which, when thawed out, was perfectly 
edible. Low temperature does not destroy microbes, it merely puts them 
in a state of suspended animation; and in the household refrigerator 
they continue to live but reproduce themselves much more slowly, hor 
example, as quoted in the Farmers' Bulletin No. 1705 of the U.S. 
Department of Agriculture (1933), a high quality raw milk wliich 
started with 31,000 mocrobes per cubic centimetre had increased these 
by four times only after 24 hours in a cool chamber at 50° 1'., whereas 

* Liquid eggs can be pasteurised at with a 08 per cent, kill oi microbes 

J'ood Manuf. {1950). 25, 283. 

* The advantage to the producer, the distributor an<l the consumer 
delaying ot the souring of milk in a highly urbanizerl civilization is obvious. J Jus 
leaves out of account its advantage to health, for which >cc under milk. 
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the same milk left for ih hours at 75" F. before its 24 hours in the cooler 
had times as many microbes. If the refrigerator had been working 
at 32^*1^. the increase would have been much less — probably the 

numbers would not have doubled in 24 hours.^ 

Cold storage then has been used in ever-increasing degree in the last 
50 years. One of the difficulties encountered in preparing for feeding 
the people of Great Britain during the German air-raids was that the 
cold storage plants were naturally enough in our dock areas and so 
exposed to attack. Beef is imported from the Argentine “chilled,” i.e. 
not actually frozen, whereas mutton can be imported from New Zea- 
land to this country frozen. Frozen mutton when thawed retains its 
structure practically unchanged, but beef, if frozen, loses a large 
amount of "drip/' i.e. muscle cell fluids or meat juice, when thawed. 
The length of time which chilling delays putrefactive decomposition by 
microbes in beef is not much more than that taken between the Argen- 
tine and our western ports, and that sets a limit to the distance from 
which beef was imported till gas storage was discovered. 

Fish can be frozen at much lower temperatures than meat with 
advantage and the ideal is that factory ships, supplied with machiner)^ 
for rapid and low-temperaturc freezing, should accompany the fishing 
fleets. Such frozen fish if later stored at 10 degrees below freezing may 
remain good and untainted for eight months, and “acceptable” after 
four N'cars! 

The tri'ublc has always been, in the fish supply in this country', that 
mueli Ilf the fish when landed was “off,” and when transported inland 
was bv nn iveavs fresh. Refrigeration both on fishing fleets and on the 
railwir i a: I render the supply of fresh fi.sii in the remotest parts of 
Greai litaii. -no part is more than 70 miles from the sea — an easy 
matter. Ihe a(h‘antage tif such a supply is obvious fr<»m the sections 
above on ]>rotein ami nicotinic acid. 

Deep Jree:iii^ is also advantageous with fruit and vegetables. It is 
common to-dav to see in our grocciy stores deep freeze cabinets dis- 
]^laving oul-of-season fruits and x egetabks which have all the appear- 
ance and nnu'li of tin- ilavonr, lextnre and ascorbic acid content of 
the fresh conu-stible. 

Gas Storai:e. Many foods, e.g. fruits and vegetables, are living 
entities and cany on a sl«>\v metabolism during storage. Otliers have 
substances in a stat<- of complicated e(|iiilibrium which is dynamic and 
not static. That is, tlie eijuilibrium slowly moves, sometimes towards 
mipro\’ement of flavamr \\vines and cheeses are examples) and some- 
times in the opposite din ction {<-.g. meat). Sometimes the foods contain 
oxidizable substances, usuall}- fats ami fatty acids, and tlie oxidation 

‘ JiA\-!s. (104.)), Mtiiitifadto.’. 19. .).M. -states that lalv.ratfiry i';istcun^c'd 
miik will 32 days at 4 s' f- and tip tn 03 fi.iy.« .it 34° F. 
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of these produces “oft” flavours, it has been discovered that carbon 
dioxide in varying percentages will slow still further metabolism in 
fruits, i.e. will inhibit ripening processes; will check the development of 
unpleasant flavours and stop oxidation. Nitrogen could be used for the 
latter purpose but because carbon dioxide can be supplied in solid 
form cheaply it is the more convenient ‘gas’ in which to store food. Gas 
storage is still in its infancy, but it has already solved the problem of 
carrying meat, particularly beef, from the Antipodes to Europe. 

Eggs present peculiar problems in cold storage. The egg within 
its shell is by no means completely sterile and the washing of 
eggs seems to remove some barrier against invasion by microbes from 
outside. Eggs in cold storage develop a storage flavour and sometimes 
serve as a medium for "musty odour” producing microbes. This ruins 
them as food. Moreover, the firm white of the egg becomes runny and 
so enables one to distinguish a stored from a new-laid egg. A fried cold- 
storage egg looks nowhere near as appetizing as a fried new-laid egg. 
Many of these troubles have been obviated by “gas” storage in com- 
bination with cold storage. The "gas” is usually carbon dioxide, though 
it may be nitrogen. Percentages ranging from 5 to 100 can be used 
according to the food to be preserved. Higher concentrations are best 
for eggs but lower percentages are used witli meat and fruit {sec below). 

Gas storage has aided in the preservation in transport of foreign 
fruits to this country. Quite a low percentage of carbon dioxide is all 
that is necessary. The fruit is picked unripe and ripens on its journey 
to this country and in storage. The rate of ripening has to be modified 
according to the distance to be travelled and the time when the fruit 
is j)ut upon the market. Cold delays ripening. But the fruit is a living, 
breatliing organism and some of the products of metabolism, if not 
removed, speed the ripening. Carbon dioxide delays it. So in ideal 
conditions there should be a circulation of air around the fruit and its 
carbon dioxide content is best kept at 5 per cent. Gas storage of apples 
has proved of great value and it may in future be possible to pick 
bananas much more nearly ripe and so preserve some of the qualities 
of a banana picked ripe from the tree. 

Gas storage, too, has solved the problem of preventing the develop- 
ment of “off” flavours in dehydrated foods, particularly those which 
have to pass through, or be stored in, tropical climates. Originally with 
dried milk coming from New Zealand, a vacuum was used to prevent the 
development of "oft” flavours, which probably are due to the fats 
becoming rancid. Dehydrated meat, fish and eggs retain their (jualities 
for much longer if put up in metal containers filled with nitrogen or 
carbon dioxide. Probably the same method could be used to prevent 
oxidation of the essential oils of roast coffee beans, tea and cocoa nibs. 

Advantages and Disadvantages of Food Processing. Apart from the 
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apathy usual in the public about anything that matters, there are two 
attitudes of mind adopted towards modem food manufacture: out- 
and-out condemnation and out-and-out approval. The instinct of one 
brought up in the country on home-killed and cured bacon, on home- 
grown vegetables and fni'it, on milk, butter, cheese, eggs and poultry 
from the home farm, and meat killed by the village butcher, is to raise 
his hands in horror at modem methods of food production, transport, 
and processing. It must be confessed that in the past and indeed the 
present — the sophistication of some food, e.g. the tinting of canned 
peas with aniline dyes, the bleaching of flour by oxides of nitrogen, 
chlorine-dioxide and similar reagents, the faking of wines and beers 
and jams, the use of synthetic flavourings {e.g. benzaldehyde for al- 
monds) and the dyeing of kippers, leaves a nasty flavour in the mouth, 
metapliorically and actually. Nor can the c\-nical or ignorant attitude 
of commercial firms in the past, and even during the War of I 939 “ 45 * 
be defended. Malt is expensive, glucose made by the action of sulphuric 
acid on potato starch is cheap. It was therefore used in the wort from 
which beer was made, and poisoned beer addicts within a large radius 
from the brewery forty years or so ago because the sulphuric acid was 
contaminated with arsenic. Public analysts during the Second World 
War were kept busy analysing catchpenny egg, milk, lemon and other 
fruit "substitutes,'’ "guaranteed to contain all the food values” of the 
foods for which they wor*; .supposed to be substitutes, showing their 
claims to he lies and reporting them to the Health Authorities. They 
still arc kept husy.‘ 

The other attitude is to welcome the change because of the much 
greater \’.irieiy of foods which can be supplied to our higliiy urbanized 
civilizatidii. But the modern methods of processing foods demand 
sdonlifii' control- cliemical, biochemical and bacteriological control — 
at all stages. I'ntil recently the scientist has been but grudgingly 
admitted into industry and then more often as a subordinate than as 
a director. In the fooil industry the need for competent biologists, as 
well as chemists, is beginning to be recognized, i'he Food Group of the 
Society of Chemical Imlustry has done and is doing much to demon- 
strate the need for biological control in food manufacture, and a journal 
of the name Food Sfanufucture which reached its majority in 1946 is 
a welcome evidence of the ad\ ance that coiUrol is making.* There are 
progressive firms in which the biochemist holds a dominating position. 

It must be recognized that the processing of food is inevitable in an 
urbanized civilization. If the standard of living is to be raised the 

1 I'or example, methyl celliilobc is mjM for making meringues which surely 
should contain nothing but igg-white. sugar and flavouring. The Times (i953)' 
Jan. 7- 

- None the less, Sugar tn the Air, a novel by li. C. Large, is not a wild e.xaggcr- 
ati«*n. 
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country must be industrialized, and industrialization (though it may 
i\ot be so in the distant future) entails urbanization. The town folk must 
be catered for with food preserved in some degree or other. Con- 
sequently it is our task to see that it is conducted as well as may be, 
and we have to admit, if we look at the matter impartially, that it has 
given great advantages. For example, with milk it has not only raised 
the keeping quality, but it has raised the standard of milk production. 
The milk distributors are as much in favour of clean milk as the most 
fanatical medical officer of health. The same is true of the canning of 
meat, fruit and vegetables. The best only arc good enough. And the 
time will come when manufacturers will cease to put up a concoction 
of sugar, citric or tartaric acid, a coal tar dye, and synthetic flavouring 
and call it a fruit juice. 

The endeavour to produce a really white flour, so decried by food 
reformers, has not been without its benefits, .‘\part from the odd coins, 
trouser buttons and nuts from the combine harvester which have to be 
removed from the grain before it goes through the rollers in the flour 
mill, there is a not-inconsiderable quantity of other seeds, some of them 
even poisonous, which have to be removed, and are removed, by 
ingenious machinery. Presumably our Norman ancestors ate them in 
their bread, even in their white bread. Processing, on the whole, makes 
for cleanliness — even bacteriological cleanliness — and quality. 

What are the drawbacks of processing? There can be little or none 
in the proteins, fats and carbohydrates of the foods. It is difficult to 
believe that the mineral elements arc in any way lost.* It is only in the 
realm of the vitamins that damage occurs. Generally speaking, there 
is little loss of vitamins A and D in processing, though it has been 
reported that canned herrings have less of both than the fresh product. 
Ascorbic acid certainly is decreased in the canning of fruit and vege- 
tables, though, as said above, there is often more ascorbic acid in these 
than in the same food bought on the open market and cooked at home. 
Probably nicotinic acid and riboflavine withstand processing, but 
thiamine disappears either by leaching out. destruction by sulphite 
or by high temperature in processes such as dehydration and canning. 
As, however, goods so canned or dehydrated rarely contain much 
thiamine, this loss is not serious. It is more serious with the cereals. 
Normally the production of a white flour from wheat reduljw the 
thiamine from about l I.U. per gramme to J, though it should be 
possible in future by including the scutellum with the endosi^orm or 
by breeding special wheats to raise that amount. It is said that various 
processes of producing breakfast cereals destroy the thiamine— e.g. 
the "puffing'' of wheat and rice — and it is difficult to sec how some 
breakfast cereals can retain any of that vitamin, though so far as wc 

* liut »cc the section on cereals for an advantageous loss of mineral elements. 

Nro 
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know actual biological experiments are lacking.^ Processing, then, is 
inevitable: it has its advantages and disadvantages; the former have 
raised the standard of food here and elsewhere, the latter can, with 
ordinary intelligence, be obviated. 

^ 100 gratnnics puffed, shredded and flaked wheat have 5 » ^7 13 I-U. 

tluainine. 



CHAPTER VIII 


THE COOKING OF FOODS* 


Many foods in their natural state are quite unfit for human con- 
sumption, e.g. cereals, pulses, cassava, and have to be “processed” 
before eating. A home “process” is that of cooking and it has been 
practised from time immemorial. It is possible that cooking was first 
applied to cereals, though there is plenty of evidence that prehistoric 
man had learnt the value of cooking his principal food, viz. meat. 

The object of cooking food is twofold: (i) Msthetic — to improve its 
appearance and to develop in it new flavours. Even animals prefer 
their food cooked, (ii) Hygienic— io sterilize it, to render it more digest- 
ible and to evoke, during its consumption, greater flow of gastric juice. 

Cooking meat, fish and milk, foods with a considerable amount of 
protein or fermentable carbohydrate, puts off the period when they 
will “go bad,” by destroying the microbes which normally bring that 
about. (A wise cook brings the contents of her stock-pot to the boil 
once every twenty-four hours.) Further, cooking destroys many 
dangerous parasites which may lurk in ill-inspected meat. 2 It also 
destroys the toxins manufactured by bacillus hotulinus but not, un- 
fortunately, those made by the salmonella and staphylococci groups 
of microbes. 

Cooking certainly increases the digestibility of vegetable foods and 
is said to improve that of meat, possibly by destroying tlic antiferments 
in it and by loosening the fibres. Even though the coagulation of the 
proteins of meat may render them less digestible in vitro, the increased 
attractiveness of well-cooked food may render it indirectly more 
capable of digestion by calling forth a more profuse flow of psychical 
gastric juice. 

* See on this subject B. Lowe. iCxperitMutal Cookery (London, Chapman k 
Hall, 1932): McCance and Siiirp. "The Chemistry of I'lcsh Foods and their 
I^>sscs on Cooking,” Med. lies. Council Hep., No. 187, 1933; and McC.snce, 
WiDDOWSON, and Shackleto.m, Med. Res. Council Rep., No. 213, I 93 <^' 

2 Animal parasites found in meat are not capable of withstanding a tempuratun; 
of70®C. (i 58°F.). All ordinary forms of cooking will therefore render meat free 
from this source of infection. An outbreak of trichiniasis in the Birmingliatn area 
of this country in 1941 was due (i) to insufficient inspection of the pork used, and 
(ii) to the habit of the people in this part of the world to eating some of the 
sausage meat raw and not cooking the rest properly. 
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The application of heat in some form or another being the essential 
part of all ordinary processes of cooking, it is important to have clear 
ideas as to the ejfect of heat upon the differing chemical constituents of 
food. 

The effect of heat on many proteins is to coagulate them. A tempera- 
ture of ioo®C. is not essentid to bring about this change, for coagulable 
proteins, both animal and vegetable, begin to coagulate if their tempera- 
ture is raised to 6o®C. (140® F.). Above that the protein contracts or 
shrinks in most animal foods, though eggs and fish roes are exceptions. 
Proteins in the presence of reducing sugars are "denatured” and the 
compound of sugar and protein is indigestible. » 

Of the carbohydrates of the food, starch is the most affected by heat. 
Dry heat converts starch into a soluble form, and ultimately into 
dextrin. This change occurs to a limited extent in the crust of bread, 
and also in the making of toast and biscuits. Moist heat causes the 
starch grains to swell, and ultimately to rupture their envelopes, and 
the starch is then said to be gelatinized. That this change also takes 
place considerably below the boiling-point of water is known to the 
laundress or the cook. If boiling water be poured on to cold "blended” 
flour, starch or cereal, it gelatinizes, although the temperature of the 
mixture can never be as high as ioo®C. (aiz^F.). Oat starch is said to 
gelatinize at 85® C. (185® F.}, and potato starch at so low a tempera- 
ture as 65® C. (149® F.). 

Here again one secs that in the case of some starchy foods the change 
which it is the object of cooking to effect can be brought about at a 
comparatively low temperature. 

1 he main effect of heat upon cane sugar in acid solution, as in stewed 
fruits and jams, is hydrolysis. The cane sugar is “inverted” to glucose 
and fructose. The partial conversion of sugar into caramel is one of the 
means by which flavour is developed in food by cooking. 

The fats of food are not so much affected by heat as the proteins 
and carbohydrates. At high temperatures, however, as when one of 
the dr}' methods of cooking is employed, some at least of the fat may 
perhaps undergo a partial decomposition, with the liberation of free 
fatty acid and acrolein. The latter irritates the mucous membrane. 
Fat w'hich has been heated and allowed to cool again is often found to 
have become more granular than it was before. This change is probably 
due to the driving off of water, and it tends to render the fat more 
brittle, and consequently more digestible. The change is well exhibited 
in the case of dripping, and also in fried bacon. 

With these preliminar}' considerations we may proceed to the 
study of the effects of cooking upon animal and vegetable foods 
respectively. 

' Food ManuJ. ( 1054 ), 29 . 173 . 
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Cooking of Meat 

The ideal to be aimed at in cooking meat is to decompose its red 
colouring matter (hemoglobin), so as to remove its raw appearance, 
and to do this without overcoagulating the proteins of the meat or 
removing from it its flavouring ingredients (extractives). 

We may glance very briefly at the means by which this ideal is to 
be attained in the ordinary methods of cooking. 

BoUing. It is unfortunate that the term “boiling” should be applied 
at all to any method of cooking meat, for it implies that the subjection 
of the meat to the temperature of boiling water (212° F.) is an essential 
of the process. But this, for the reasons indicated above, is a mistake. 
The red colouring matter of the meat is decomposed and rendered 
brown at a temperature considerably below that of boiling water, and 
by raising things to the boiling-point one runs the risk of hardening 
the meat by overcoagulation of its proteins. 

That the boiling-point is not essential for the complete coagulation 
of the proteins can be most easily proved in the case of an egg. If two 
eggs are taken, and one kept in water at a temperature of 80° C. 
{175® F.) for ten or fifteen minutes, and the other for an equal length 
of time in boiling water, it will be found at the end of the experiment 
that the contents of both are solid throughout, but that in the case of 
the former they consist of a tender jelly, whereas in the boiled egg they 
are dense and almost leathery. Several so-called egg-boilers, indeed, 
have been introduced which work upon the principle of cooking the 
egg at a temperature considerably below the boiling-point of water. 

Now, what is true of an egg holds good also for meat, and accordingly 
the first principle to be observed in the “boiling” of meat is to see that 
the temperature of the water does not rise much above that which is 
required for the coagulation of proteins. It is only by giving heed to 
this that one can achieve the first result desired — the abolition of the 
raw colour of the meat with avoidance of overhardening. 

The second object to be aimed at, that of retaining all the flavouring 
constituents of the meat, also demands some care. The fl'.ivour of meat 
is due to its extractives and salts, and both of these arc readily dis- 
solved by water. If the water in which the meat has been cooked is to 
be consumed in the form of soup, the partial removal of some of these 
flavouring ingredients is not of much importance; but if the meat alone 
is to be eaten, precautions must be taken to prevent their being dis- 
solved out. 

One way of doing this is to wsq zs small a quantity of water as possible; 
for the larger the proportion of water to meat, the greater will be the 
amount of soluble substances removed. The quantity of water, there- 
fore, should be just sufficient to cover the meat, and no more. 
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A belief popular in cooker^"^ books is that the exposure of meat for a 
few minutes to the temperature of boiling water creates a pellicle of 
coagulated protein on the outside impermeable to the soluble con- 
stituents wthin. Such a procedure, with a later lowering of the tem- 
perature, has been advocated in order (i) to conserve these constituents, 
(ii) to continue the coagulation of the proteins. An investigation of the 
])remiscs of this theory shows them to have no foundation in fact.^ 

A summary of the effects of cooking meat in water, taken from 
McCance and Shipp’s work, is here given: 

When fully cooked, beef is found to lose the same amount of weight, 
water and salts, whether cooking is begun in hot or cold water. 

The application of heat over 6 o^C. (140'^ F.) to flesh foods causes a 
shrinkage of their proteins and the expression of juice. When the meat 
is heated in water there is in addition a minor loss of salts due to 
diffusion into the surrounding water. 

The rate of shrinkage is accelerated by raising the temperature, but 
the final result is but little different whether cooking is brought about 
by long exposure to a lower temperature or short exposure to a higher 
temperature, though it is slightly increased if the higher temperature 
is used. 

Shrinkage is less rapid and less in amount in absolutely fresh killed 
tlian in “conditioned” meat. This is probably not due to the formation 
of lactic acid in rigor mortis. 

The more rapidly the shrinkage occurs the less important becomes 
the los,«i due to diffusion into the surrounding water. The smaller the 
pieces cooked the greater is the loss due to diffusion. With small por- 
tions of meat the salt losses arc greater when the meat is boiled than 
when st(‘amcd, but with larger portions it makes little difference 
whether thc^• are cooked in water or in steam. 

to 

In general if boiling is used to cook meat it makes little difference 
to the final losses whether the meat is boiled quickly, slowly, or if the 
temperature is lowered soon after the beginning of cooking, so long as 
the meat is cooked to the same degree. Cooking at a higher temperature 
achieves the result aimed at more quickly, but it is easier to over-shoot 
the mark at high temperatures than at lower but adequate temperatures. 

Roasting. In the process of roasting, the heat is conveyed to the 
meat by direct radiation, instead of through the medium of water. The 
effect of roasting upon meat is similar to that of boiling; shrinkage 
occurs, causing an expression of the juices of the meat. These, however, 
are evaporated to diymcss on the surface of the joint, and are therefore 


I McCance and Shipp. (19.I3). Res. Council RepdrI, No. 187. These authors 
point (Hit that earlier research work has Bi\ en little support to the pellicle thcor\- 
since it was propounded by Liebit; Nunc the less, it has flourished even in 
scientific” articles upon cookery. 



COOKING OF FISH 


iSi 

not lost as they are in boiling, so that roasting, baking and grilling arc 
conservative methods of cooking. The greater heat at the surface of the 
joint brings about a change in the protein expressed and coagulated 
thereon with the production of more sapid substances, and it is to 
these and the greater concentration of the salts that the outside cuts 
owe their characteristic flavour. The loss of weight in roasting is nearly 
all due to evaporation, but a loss of salts can be increased by reducing 
evaporation, as, for instance, by basting. 

The pnffiness of a well-cooked chop or steak by grill is to be explained 
by the greater shrinkage of the outside and more “overdone” layers 
as compared with those inside. 

Baking acts in precisely the same way as roasting, the heat in that 
case being applied all round the meat at once, instead of only to one 
side at a time. Connoisseurs prefer roast meat to baked meats. 

Stewing is in many respects the ideal method of cooking meat. If 
properly performed, it coagulates without o\ erhardening the proteins, 
while, owing to the fact that the juice is eaten along with the meat, 
none of the flavouring ingredients is lost. At the same time, the pro- 
longed action of heat and moisture converts most of the connective 
tissue into gelatin, so that the fibres readily fall apart and the meat 
becomes very tender. Here, again, the secret of success consists in 
avoiding too high temperatures. It is not sufficient to place the pan 
near the edge of the hotplate, and allow it to “simmer” instead of 
“boil.” The use of a thermometer will show that the temperature of 
“simmering” and “boiling” water is really the same, i.e. 212® F., the 
only difference being that in the former case the heat is reaching 
the water more rapidly and more of it is wasted. In proper stewing 
the temperature should not be allowed to rise above 82’ C. (r8o ’ F.), 


CooKi.N'G OF Fish 

The flavouring ingredients of fish are even more easily dissolved out 
of w’ater than those of meat; and as fish has less flavour lo start with, 
any loss is the more carefully to be avoided. For this reason boiling, 
unless very carefully performed on the lines above laid down, is not a 
suitable method of cooking fish. The experiments of McCancc and 
Shipp show that boiling may result in a loss of 40 per cent, of the salts. 
It might be expected that cooking by steam would be ])referable, and 
this is certainly true of small pieces of fish. 

Frying is a method of cooking specially applicable to some furms of 
fish, and demands a special word of description, especially as the {)rocess 
is so often misunderstood. 

The essence of frying consists in the sudden exposure of tlie objeci 
to be cooked to a very high temperature. This leads to such ra])id 
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evaporation from the surface that the loss of salts and nitrogenous 
matter is reduced to a minimum. Such method of cooking naturally 
adds considerably to the fat content of the final product. For example, 
steamed whiting has 0-9 per cent, of fat; whiting with batter and 
crumbs has 10*3 (McCance and Shipp). 

In order to attain this very high temperature, some form of fat 
must be used as a medium. Olive oil or good cottonseed-oil are best. 
The oil should be heated in a deep pan almost to its boiling-point (the 
actual temperature is about 180® to 200® C.: 356® to 392® F.}; and when 
this temperature has been reached the object to be fried should be 
lowered gently into the pan, and left for tw'o or three minutes. The 
bubbling which ensues is due to the conversion of the moisture on the 
surface of the object into steam. WTien this has ceased the cooking will 
be complete, and the object should be lifted out and the excess of oil 
allowed to drain off. 

It will be observed that this process differs entirely from the so-called 
"frying” usually practised in this country, in which the fat employed 
is regarded merely as a means of preventing the object from adhering 
to the surface of the shallow pan, in which a sort of roasting is really 
accomplished. 


Cooking of Vegetable Foods 

In the cooking of vegetable foods the objects to be achieved are 
different from those which one seeks to accomplish with animal foods. 
Cell-wall substances and raw starch are almost incapable of digestion by 
man, and hence the softening and rupture of the cellulose framework 
of a vegetable food and the gelatinization of its starch grains are the 
chief ends which it is the purpose of cooking to bring about. 

Cell-wall substances can be softened, and, indeed, partly converted 
into sugar, by the action of acids, aided by heat. Nature uses ferments. 
In its unripe state a pear or other fruit is hard and "woody” from the 
presence of a cell-wall framework. In process of ripening the acids in 
the fruit, aided by the heat of the sun and ferments, effect a softening 
of this framework, with partial or complete solution of the cellulose 
fibres, the product being the sweet and soft ripe fruit. 

This method is sometimes unconsciously imitated by man. The 
process of preparing ensilage is an example of it. Here, under the 
influence of fermentative bacteria, acids are produced in grass which, 
by the aid of moisture and heat, act upon the cellulose, and effect a 
partial conversion of it into sugar. In Germany a vtry similar process 
is employed in the conversion of cabbages into San€rkraui. 

The preparation known as souans is an example of the operation 
of a similar agency on the cellulose of oatmeal. Ordinary porridge, also. 
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when allowed to stand for some time, becomes a soil for the growth of 
acid-forming bacteria, and the products of the growth of these bring 
about some degree of softening of the cellulose in the particles of 
oatmeal. For this reason porridge is often found to be more digestible 
when stale than when perfectly fresh. 

Another way of overcoming the cellulose obstacle, which may in 
a sense be regarded as a process of cooking, is by milling or grinding. 
This breaks up the cellulose framework, and allows the digestive juices 
to penetrate into the nutritive ingredients which it encloses. 

More commonly, however, one finds the same object accomplished 
by the combined action of heat and moisture. When exposed to moist 
heat starch grains, as we have seen, swell up, their envelopes rupture, 
and they run together to form a paste or starch jelly. As this jelly 
expands it presses upon and ultimately ruptures the framework of 
cellulose in which the grains are enclosed, and in this way the two chief 
objects aimed at are achieved. The degree to which this occurs is very 
well shown in the accompanying diagrams (Figs. 7, 8. and 9). which 
illustrate the action of moisture and heat upon the structure of a piece 
of potato. 

It will be evident from these considerations that cooking is of 
immense importance in facilitating the digestion of vegetable foods, 
and the larger the proportion of cellulose present, the more essential 
does thorough cooking become. 

Heat has an effect on the proteins of vegetables precisely similar to 
that which it exerts on the same constituents of animal food; that is to 
say, they become coagulated. Now, the coagulation of proteins is 
accompanied by shrinkage rather than by swelling, and for this reason, 
if the cellulose framework encloses protein only, it docs not become 
ruptured; and one can therefore readily understand that if a vegetable 
food contained protein alone its digestibility would be affected by 
cooking in a precisely similar way to that of animal food; in other 
words, it might be rendered less rather than more digestil)le by the 
process. The explanation of this apparent paradox is that vegetable 
foods containing much protein also contain much starch (c.g. the pulses) 
and that the starch in gelatinizing ruptures the cell membranes. Green 
and root vegetables contain but very little protein. 

Losses in Cooking 

No matter how carefully cooking is performed, loss of the soluble 
constituents of the food during the process is inevitable. In the case of 
meat, it has been found by Johnston that — 

In Boiling. In Baking. In Boasting 
4 lb. of beef Jose in weiglit . 1 lb. 1 lb. 3 o/. i lb .5 oz. 

,, mutton lose in weigl)t . 14 oz. i lb. 4 oz. 1 lb. o 07. 
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Fig. 7 



Fic. 8 


Fig. y 


i'll. 


S. 


Fir., (),- 


i:m-s ui'- \ K.wv Potato, with unhii-tured Starch Grains and 

Cellclosk Framework. 

-Ce .vs Ol- .\ I'ARTIALLY CoOKED POTATO, THE StaRCH GraINS 

ruptured. 

-Cku.s 01- A Thoroughly Boiled Potato. Cellulose Framework 

BROKEN DOWN. 


By far the larger part of this loss, however, is due to water. Konig 

showed that the percentage of water in lean beef falls from 71 to 57 

per cent, when boiled and to 55 per cent, when grilled. Veal cutlets lose 

water to a similar degree. Investigations for the U.S. Department of 

Agriculture showed that the loss other than that of water is confined 

almost entirely to extractives and salts. Very little protein is lost and 

though fat dnps out this can be recovered except when grilling over an 
open fire. 

As far as their soluble constituents are concerned, vegetable foods 
behave similarly, the loss of salts especiallv being often very con- 
siderable. The loss, however, is more marked in the potassium and 
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magnesium salts than in the iron and calcium, which are hardlj’ 
affected. ‘ 

As regards water, the behaviour of the two classes of foods on 
cooking is entirely different, for vegetable foods become richer in water 
when boiled, instead of losing it. 


Water Content (per cent.) of Foods before and after Cooking 


Vegetable Foods.2 

1 

Animal Foods.* 


Ra\v. 

Boiled 

1 


Raw, 

Boiled. 

.Macaroni 

. 10-4 

72’ 1 

Beef 

• 705 


Oatmeal 

. 8 -u 

89-1 

Ham . 

• . 5 . 5-8 

.jS-d 

Potatoes 

• 75 •« 

805 

Mutton 

• 107-11 

• 15 -.5 

Pulses 

• 8*7 

70-5 

Haddock 

81-3 

7.5 •» 

Semolina 

. 12*2 

717 



(steamed) 



(as pudding) 

Plaice 

. 80 -8 

780 

(steamed) 


One may, therefore, lay it down as a general proposition that animal 
foods become less watery as the result of cooking, while vegetable foods, 
on the contrary, become more watery. 

This is another explanation of the different effect which cooking 
exerts on the digestibility of the two classes of foods. The concentration 
which meat undergoes when cooked is unfavourable to digestion, while 
the dilution of the vegetable foods after cooking makes less demand on 
the digestive juices. This, too, is one reason why meat which has been 
cooked more than once is rather difficult of digestion. Not only are its 
proteins apt to be over-coagulated, but the relative proportion of fat is 
increased at the same time, and both of these facts militate against 
rapid and easy digestion. 

On the other hand, the increase of bulk which vegetable foods imder- 
go as the consequence of taking up water when cooking is apt to tlirow 
a strain on the mechanical, as opposed to the purely chemical, functions 
of the digestive organs. The bearings of this fact upon the practice of 
vegetarianism will be discussed in a later chapter. 

Slow Cooking 

Since food is a bad conductor, heat only penetrates into it very 
slowly. Wolffliiigel and Huppe,3 for instance, found that the tempera- 
ture of the interior of a piece of meat weighing 9 lb. after 4 hours' 

1 McCance, R. a., Wjddowson, E. M., and Shackleton. (1930). Mfl. lit's. 
Council Hep.. No. 213. 

2 McCance, R, a ., and Widdowson, K. M. (19} 2), Chfntic.1l Coinpo^ilion luio /s, 
Med. lies. Cottne. Special Hep., 235. 

® ^^uoted in U S. Dept, of Agriculture, Bull. 21. 
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boiling was only 88® C., or 12® below the boiling-point of water. The 
interior temperature of a roast varied from 70 to 95® C., according to 
size. Similar observations have been made by Sir Henry Thompson.^ 
He found that the temperature close to the bone of a leg of mutton 
which had been boiled or roasted for some hours was never above 
85® C. (186® F.) 

Hence it is that, if heat is applied to a piece of meat too rapidly, one 
simply wastes fuel and runs the risk of overcooking the outer layers. 
It is far better to allow a moderate amount of heat to act on the meat 
for several hours, and the longer the time allowed, the lower will be the 
temperature required, always assuming that it is kept above the coagu- 
lation-point of proteins, i.e. above 70® C. (158® F.). This is the practice 
in high-class restaurants. Various special forms of apparatus have been 
invented with the view of economizing fuel, and allowing of the pro- 
longed action of a moderate degree of heat, some of which are certainly 
not as well known as they deserve to be. 

The simplest of these are constructed on the principle of an ordinary 
water-bath, and consist of a double pan, the outer being filled with 
water which is kept at, or near to, the boiling-point, while the article to 
be cooked is placed in the inner vessel. The heat only penetrates slowly 
to the latter, and never reaches the boiling-point, wiiile any risk of 
burning is also prevented. The French “bain-marie” is constructed on 
this ])lan. 

The '‘\\elbank Boilerettc” is a modification of the “bain-marie,” 
in which the steam from the outer pan is prevented from escaping and 
reaches a tnnpeiature above 312® F., so tliat the food in the inner vessel 
can be actually boiled. 

Sonii what dilterent from these is the Fireless cooker or Haybox. 
riiore are many forms of this apparatus. The commercial type consists 
of one or two compartments lined witii polished sheet metal and 
heavily lagged on the outside with asbestos, kapok or other insulating 
material, and enclosed in a wooden box. with a thick door also well 
heat-insulated. Ahmiinium saucepans with detachable handles fit the 
space within the compartments veiy- snugly. Wlien food is to be cooked, 
it is brought to the boil in one of the saucepans, boiled for 5, 10 or more 
minutes according to the size of the food, the lid is clamped down and 
the saucepans transferred at once to the firelcss cooker, shut in, and 
allowed to cook by its own heat for any time up to 24 hours. The 
apparatus acts on the principle of preventing loss of heat, and just as it 
prevents any heat getting out, so it can \vith equal efficiency 
prevent any from getting in. It may, therefore, be used as a refriger- 
ator, for keeping ices, etc., unmeltcd, quite as well as a cooker. It saves a 

^ hood and heading, p. 97. His results have been confirmed by others (see 
B. Lowe, op. cit.). 
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great deal of time, trouble, and fuel, and is very useful to travellers 
and campers-out, or in any circumstances in which one wants hot food 
constantly ready. The only objection to its use is that it destroys 
ascorbic acid, but so long as that fact is recognized and an assured 
source of ascorbic acid taken in addition no harm is done. 

A home-made form can be manufactured from an old-fashioned 
hatbox stuffed tight with hay except for a central space for the sauce- 
pan, and a non-conducting lid improvized from a kapok or flock 
cushion. Such devices come into prominence with each major war we 
have experienced in Great Britain, at any rate in the advice given by 
Schools of Domestic Science to the public, but it would be interesting 
to know how many were constructed and continued in use. Of the 
commercial form one of us can speak with great satisfaction after an 
experience with it extending over forty years. 

A little reflection will show that, in the use of an ordinaiy' oven, a 
great waste of fuel is inevitable, for the metal of which the oven is 
constructed is an admirable conductor, and allows heat to escape 
almost as fast as it gets in. In order to prevent this and the waste of 
fuel which results from it, all that is necessary is to have the oven 
covered with some non-conducting material. The heat supplied by the 
fuel will then be unable to esc«ape from the oven, and will all be utilized 
to cook the food, instead of being to a large extent dissipated into the 
surrounding atmosphere. All electric and most g;is stoves and two 
anthracite stoves, the Aga and the Esse, are now constructed on this 
plan, but the usual English range remains much as it was when this 
book was first witten. 

L-»^ressure Cooking 

There arc on the market cookers made on the i)rinciplc of Papin’s 
digester. Food is cooked under pressure and therefore at a higher 
temperature than ioo*C. It cooks much morequickly, thus saving time,' 
and when the pressure is let down, steam forms within the body of the 
cooked foods and partially disrupts them. Such pressure cookers are 
invaluable in rendering tough meat (e.g. shin of beef) tender. 

It might be thought tliat the ascorbic acid of fruits and vegetables 
would be largely destroyed by luessure cookery, but this is not the case. 
Large-scale experiments have shown that the short time of cooking 
compensates for the loss of ascorbic acid at high temperatures. Actually 
foods so cooked have more ascorbic acid left in them than those cooke<l 
normally. 2 

* E g. 9 minutes at 12 -5 lb. pressure against 30 minute.s in open cooking 

2 Koughly 80 per cent, retained. Walker, A. R. P., and .Vuvidssdn, I'lla B. 
(1950), Sutr. Unit: Council for Settn! and Ind. Rea., South Africa hiA for Med. 
Rfs. fohaunesburg. 



CHAPTER IX 

HYGIENE OF FOOD 


At long last medical authorities have become aware that all is not 
well with the hygiene of the production of foods in canteens, bakeries, 
restaurants, caf6s, and factories where food is processed. Since 1942 
the numbers of food poisoning epidemics have risen by leaps and bounds. 
More and more people have been taking meals away from home and 
more and more foo^ are being processed on a large scale. Synthetic 
creams, cooked meats including sausages have been incriminated. In 
the establishments named above it has been shown that there is often 
a shortage of hot water, soap, towels and crockery, and the employees 
liave been insufficiently trained in elementary hygiene. It has not been 
recognized that many foods are admirable culture media for pathogenic 
microbes which the employees may harbour.^ In one investigation it 
was found that 50 per cent, of the employees harboured dangerous 
staphylococci in their noses {and therefore in their handkerchiefs) and 
20 per cent, had them on their hands. Control of food hygiene must be 
l^oth nai i< )nal and personal or domestic. 

Na-i al Control of Food Hygiene. It is a fact in food hygiene, that 
plam ' i does not matter half so much as contamination with patho- 
p'nii. .Krobes. One of the most dangerous outbreaks of typhoid fever 
in this conntr}' originated from a dairy farm near Bournemouth pro- 
ducing high-grade milk. Contamination of milk with cow-dung, 
unpleasant as the fact may be, is nowhere near so dangerous as con- 
tamination of that milk by t3'^phoid microbes from the hands of a 
farm worker or by tubercle bacilli from the udder of the cow. 

riicre is no doubt that the Croydon water supply was singularly free 
from what people call dirt,” but a chance contamination by a tjrphoid 
carrier produced a deadly epidemic. None the less the presumption is 
that cleanliness of water supplies, dairies, bakeries, abattoirs, markets 
and so on will make for bacteriological cleanliness of the food produced 
there as well, though Stcnliouse Williams in his work on clean milk 
production showed that fii st-grade milk could be produced in a cowshed 
which would unhesitatingh- be condemned to-day. 

* According to un article in l ood Mauu/ac(nre (1954), ^ 9 > 2, the deputy medical 
oiTicer of licalth of a midland town advocates tl)c use of a gauze mask over nose 
and month in any meat processing factor\\ 
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In water supply, Great Britain has led the world, but none tlie less 
the two serious outbreaks of typhoid during the decades 1920-30 and 
1930-40. those of Malton and Croydon, were due to contamination of 
the water supply. In the example of Croydon, as said above, it was bv 
means of a carrier. There are people who. having recovered from 
typhoid to all clinical observation, nevertheless carry typhoid microbes 
around in their large intestines, possibly for the rest of their lives. 'J hey 
\’oid these every day, and carelessness in personal liygiene results in 
the dispersal of these microbes into food. The classical example of a 
typhoid carrier was “typhoid Mary” of the United States, but there 
have been numerous examples in this country, where typhoid is, none 
the less, a very rare disease. The case of the Wrexham pork pies circa 
1910 presents an interesting phenomenon. There was a typical carrier 
in the employ of the cookshop. The microbes from his large intestine 
infected the gelatine solution used for pouring into the pork pies before 
baking, but because the pies were then cooked, the microbes were 
killed and there was no outbreak of t5’phoid. None the less there was 
a severe epidemic of food poisoning, traceable to the pork pies, because 
the typhoid bacilli had produced toxins in the gelatine. 

Typhoid carriers must never be allowed to handle food, and that 
means that they must not work in abattoirs, bakeries, dairies, fisheries, 
market gardens, watercress beds and tlie like. It is one of the duties of 
the medical authorities, working with agricultural and Home Office 
authorities, to see that typhoid carriers are not employed in the food 
industries or around water supplies. Nor should they work in towns and 
cities. As these people have to work on the land, so as not to be a danger 
to society, it is difficult to see what, apart from afforestation, corn and 
stock raising they can do. Doubtless carriers of other diseases exist, for 
example scarlet fever, and these diseases may be transmitted by food, 
lo-day it has become almost certain that “infantile” paralj'sis can be 
transmitted by fa*ces, as is infective hepatitis. 

Milk and cream may be infected with the organisms of bovine 
tuberculosis, undulant fever, scarlet fever and typhoid, and so carry 
them to human beings. There are still a considerable number of deaths 
from bovine tuberculosis in this country (say 2000 per year) and wide- 
spread tuberculosis of glands and joints in the young due to the same 
disease. These could be obviated if Government had the courage to 
make the pasteurization of milk compulsory. The other dairy foods, 
butter and cheese, do not appear to transmit diseases much, though 
cheese in the United States has sometimes been shown to be the cause 
of an outbreak of food |>oisoning. The duck egg may transmit an enter- 
itis if not properly cooked and it might be worth the while of tlie 
ndevant authorities to inspect duck farms for such disease.' 

> Lancet, (1945). *. 3M- 
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Meat can transmit diseases in two ways; (i) it may become infected 
with microbes of the salmonella group. This, once thought to Imppen 
in the abattoirs through carelessness, is now considered to occur in the 
butcher's shop or home and is due to transmission by rats and mice. 
These microbes are said to produce toxins indestructible by the heat 
of cooking but they can grow in the human alimentary tract and 
produce vomiting and diarrhcea, often of a dangerous nature. As 
there is no direct evidence for these heat-stable toxins, inspection of 
moat in the abattoirs will only reduce the risk of food poisoning via 
meat, but it cannot prevent it because the chief source of infection is in 
the butcher’s shop and the home.^ (2) It may be infected with parasites, 
which, if the meat is not “properly cooked,’’ can be transmitted to man. 
Proper inspection of the carcasses of meat in the abattoirs can eliminate 
this trouble, so can cooking. As previously stated an outbreak of 
tricliiniasis in the neighbourhood of Birmingham in 1941 was due to 
sausage made from pork inadequately inspected and eaten either raw 
or lightly cooked. 

Shellfish and watercress beds have been known to spread typhoid. 
Oyster and mussel beds form in the estuaries of our rivers and as a 
careless civilization wastes its sewage by the convenient method of 
running it into the rivers, it is not astonishing that in the past typhoid 
has been transmitted via the oyster and mussel. Such shellfish beds need 
the most careful inspection. Watercress has to-day an undeserved 
rejiutation for spreading typhoid. We are not aware of any cases in 
this countr}’ within the last thirty years being attributable to water- 
cress from commercial watercress beds. 

A reform long overdue in this country is the screening of abbatoirs, 
meat and lish markets, bakeries and food manufactories and lavatories 
from Hies. The house-fl\- has been incriminated in the United States for 
the spread of typlioid, and is strongly suspected in this country of 
dis.seminating summer diarrhoea. In the States it is considered as a 
possible vector of poliomyelitis and in North Africa (El Alamein) of 
infective hepatitis and bacillaiy' dysentery. On any account, knowing 
the haunts of flies, it is time that they should go. Refuse dumps should 
not be tolerated. 

I’iiially, the food manufactories, where such edibles as brawn, pork 
pies, potted meat, sausages, etc., are made, need close inspection. 
I-ood waste in such jflaccs encourages cockroaches, crickets, mice and 
rats— all potential vectors of disease. For reasons given above a known 
typhoid carrier siiould be not ]>ermitted to work in such places, and for 
reasons which will be obvious there should be adequate lavatory 
accommodation, with washhand basins and an abundance of hand 
towels. Operatives should be encouraged to wash after attending to 

• Personal communication by t>r. C. E. Dukes. 
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bodily needs. The same applies to canteens and restaurants. People 
with sore hands, faces and throats should not be allowed to prepare 
food. An example is of a woman cutting sandwiches when in the early 
stage of scarlet fever. Some of the eaters of these sandwiches had a 
subsequent gastro-enteritis from the toxins produced by the scarlet- 
fever microbes, some later developed scarlet fever. 

Of course, it is not only the trades and the health authorities who 
need educating, it is the public also. One of us has seen a string bag 
of shellfish, out of their shells, lying on the filth}' platform of a London 
Station and while the last edition was under revision a wholesaler, 
under the eyes of the two authors, dumped a load of cabbages destined 
for a local greengrocer in the gutter in front of the shop. 
j{ / Food Hygiene in the Home. By the time food reaches the home it 
y' may or may not have picked up pathogenic organisms or developed 
toxins. It might be thought that there is little that can be done in the 
^ way of food hygiene. That is not true. There is always avoidable wastage 
^ due to moulds, putrefaction of meat, soups and fish, and the depreda- 
tions of cockroaches, mice and rats. In fact there is often a vicious circle 


set up. The failure to use crusts of bread, or to clear out the crumbs 
from bread bins, leads to mouldiness of the whole loaves and so on in 


geometrical progression. The same is true of animal life encouraged in 
kitchens by the lazy scattering of food. Tlie more food scattered, the 
more is unwanted animal life encouraged and the more food wasted 
because of its being fouled by such animals. One of us has suffered 
from a serious invasion by crickets encouraged by the almost inevitable 
scattering of crumbs in a children's dining-room — an invasion, be it 
said, finally quelled after it had reached titanic dimensions by the use 
of a well-known insect powder. 

Much spoiling of food is due to flies, more particularly, of course, to 
the bluebottle fly. And if the British would only learn from America 
to screen its houses from flies in summer, great would be the saving of 
food. In institutions it is the common custom to prepare food and even 
put it out long before it is to be consumed. We have observed this in 
preparatory, public and industrial schools; in university colleges and in 
liospitals. In fact we have begun to think that it is universal. Apart 
from the desiccation of the food entailed it gives the flies their chance 
to contaminate the food.* 


Of course the biggest reform necessary in the British kitchen is the 

* In one school it was the sparrows which benefited. Tliis school had had 
epidemics of intestinal trouble among the alumni and had sought the source ol 

llie trouble in vain. No one questioned the invasion of Uie <lininK-)iall by Hocks 
of .sparrows. 

In another school the sugar was put into the tea-urns with the tea aflcr the 
nudday meal and the lids left off. The flies in summer took full advantage of thi:> 
until lx>iling water was poured on them later in the afternoon in tlie making of 
the 
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installation of a refrigerator. This would prevent much of the souring 
of the milk and the putrefaction of the meat, fish and soup stock in 
summer, besides preventing access of flies, cockroaches, mice and rats. 
If milk were sold satisfactorily pasteurized — or frozen — brought to the 
home in refrigerated vans and put straight into a large refrigerator it 
would be unnecessary to have more than one delivery a week. In Canada 
already they have but two deliveries a week in some cities. Of course 
the home refrigerator working at a temperature below 50® F. merely 
tlela\*s microbic action and cannot be relied upon to keep food in- 
definitely. Moreover, the refrigerator must be kept scrupulously clean, 
othenvise it may spoil more food than it preser\’es. 

Until that millennial time when there is a working, though cheap, 
refrigerator in every home the ordinary house\vife must use her intel- 
ligence, rather than a piece of machinery, to keep food sweet. 

For example, the meat when delivered is presumably infected only 
on its outer surfaces, the interior being kept aseptic by its raised 
hydrogen ion concentration. Washing it over with a little vinegar 
will certainly delay the development of putrefactive microbes. It can 
then be hung up in the larder, all surfaces being exposed to the air, till 
it is cooked. It is unwise to leave it on a plate. The drip from the meat 
will collect under the joint and makes a good medium for the gro^vth 
of anaerobic microbes which produce foul-smelling compounds. If the 
cooking of the joint is to be postponed some time it is as well to sterilize 
(for the time) the outer surfaces of the joint by putting it in a hot oven 
for a quarter to half an hour. This will not prevent the growth of 
microbes if they have tracked any distance along the bone or the blood 
vessels, but it will delay putrefaction from microbes settled on the 
sin face. 1 1 is possible that pouring boiling water over the joint may have 
the same effect, but the moisture later on will encourage bacterial 
activity. Drj-ing the outside surfaces by heat will discourage it. 

It is as well to bring a stew to the boil — or, working upon the adage 
that a stew boiled is a stew spoiled, to 70® C. (158° F.) as quickly as 
possible. If it is warmed slowly there is a long period of time during 
which tlic nucrobes are encouraged to multiply rapidly. Soup made in 
bulk, as in an institution, and kept ov’cmight takes a long time to cool. 

I he non-sporing microbes have been killed, but the spores of the spore 
bearers survive tliis. As the soup cools the spores germinate, find no 
competition from other microbes and multiply rapidly. As the soup is 
warmed the nc.xt day this multiplication continues until the lethal 
point is reached, but by then they have made toxins which poison 
the caters. A common soil microbe, Clostridium %'elchii, has often 
been incriminated. All foods which have to be cooled or reheated should 
be 1 ushed past the temperature favourable to incubation of microbes as 
rapidly as possible. 
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Something similar may — and does — happen when joints are cooked 
overnight, allowed to cool, then sliced on a bacon sheer, and the slices 
warmed up before serving. Hospitals and restaurants use this eco- 
nomical but bad practice. 

Other foods than meat can play unexpected pranks on being kept 
in the warm for a time. A sample of oatmeal — Scottish oatmeal from 
a good Midlothian firm — on being put to soak overnight in the boiler 
room, so that the phytases could split up the phytates, developed an 
odour of rancid butter each time the experiment was tried. Doubtless 
that sample was infected with butyric-acid-producing microbes, for 
it never happened if the oatmeal was sterilized first (and tlie phytases 
— as well as the microbes — unfortunately destroyed). 

The most important part of kitchen hygiene is to have plenty of 
running hot water and soap. Probably only a million out of the eight 
million kitchens in this country possess both such necessities. Soap is 
a moderately efficient antiseptic, though it will not kill every microbe. 
It is perhaps best to rinse plates, dishes, etc., in liot water after the>- 
have been washed with soap and water, and leave them to dry spon- 
taneously, rather than to dry them with a cloth. The "tea clotlis” can 
easily pass on milk souring and other microbes to the containers. It is 
a good practice in hot weather to steam out any milk can used for 
unpasteurized milk. In the experience of one of us this enabled milk to 
remain sweet which otherwise went sour in less than 12 hours. 

Finally, it is unwise to adopt an Antipodean plan of letting the 
household dogs lick the kitchen china clean. This has often resulted 
in the transmission of a parasite that produces a serious disease of the 
liver. And it must not be forgotten that in countries such as China 
where human excreta are used as manure, there is the possibility of 
infection with ascaris, a round worm inhabiting the gut, if raw salad 
vegetables are eaten. Investigation among Oriental students in Ameri- 
can universities showed that one-third of them were so infected. If the 
composting of garden refuse with human excreta becomes at all wide- 
spread in this country, it is possible that the same trouble will beset us 
here. Very careful wjishing of the salads will be essential. 

In the above, the possibility of the transmission of disease by food 
has been emphasized— some may say too much emphasized. It is 
certainly true that the emphasizing of the dirtiness of much milk sold 
m the past has prejudiced people— medical officers of health among 
them— against milk as a food. There is decidedly a danger in giving the 
public a fear of microbes, but it has to be faced. It is good that the 
public should understand the ubiquity, the services and the disservices 
of microbes, and how to take advantage of the one and obviate the 
other. Much of the control of the disservices is in the hands of public 
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authorities and this control needs backing by an educated public 
opinion. In the home the control of them is valuable mainly in prevent- 
ing the waste of food, a crime at most times, but particularly so in the 
present and near future. It may reasonably be said, however, that the 
wonder is how little disease is traceable to contamination of food with 
parasites or microbes, but it has to be admitted that when such enemies 
get under our guard the result (witness the Croydon typhoid epidemic 
and the outbreak of trichiniasis in the Birmingham area) are sufficiently 
devastating. 



CHAPTER X 


THE DIGESTION. ABSORPTION AND METABOLISM 

OF FOODS IN HEALTH 

Very few constituents of very few foods are in a fit chemical state 
for use by the body. The simple hexose sugars, the inorganic salts, and 
the vitamins, possibly also the fats, may pass straight into the blood 
or lymph stream unchanged and without ill effect. Proteins, the di- 
saccharide.s, dextrins, starch cannot so pass. Moreover, as they occur in 
foods they are often "tied up" in cellulose {or rather plant cell wall) 
envelopes, and these envelopes have to be cooked and macerated and 
t ritur^ ed to allow the escape of the contents. Complex chemical sub- 
stances like proteins, starches, and dextrins have to be hydrolysed to 
simple soluble diffusible crystalloid compounds and these, if useless as 
such to the body (e.g. the disaccharides), have still further to be 
hydrolysed. To carry out these triturations, macerations, and hydro- 
lyses the body has a series of organs and glands secreting a variety of 
ferments; these processes of trituration, maceration, and hydrolysis 
are termed digestion. 


Digestion 

In the Mouth 

The mouth stage of digestion is mainly a mechanical one and its 
object largely protective. The food is ground by the teeth to small 
particles and at the same time thoroughly mixed with s aliv a; hard 
substances are broken up, softened, neutralized, diluted and covered 
with a wrapping of mucus so that on their passage through the ali- 
mentary tract they may easily be digested without undue difficulty 
and without abrading or otherwise damaging the soft walls of that 
tract. Thorough chewing of food is important. Without it; food may 
damage the alimentary tract and cannot be adequately digested. To 
bolt food, in the manner in which one posts letters, interferes gravely 
with proper disintegration of it; and many cases of dyspepsia arc kept 
up, if not actually produced, by imperfections of the teeth or dentures. 

In addition to the neutralizing, moistening, and lubricating effect 
of saliva there is a chemical influence as well. Cooked starch, of what- 
ever origin, is digested by the ptyalin of the saliva via dextrins to 
maltose. Some starches — e.g. those of rice and maize — are more readily 
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acted upon by the saliva than others, siicli as potato starch. Raw 
starch is hardly affected at all. 

As most animals have ptyalin in their saliva and as man presumably 
passed through the stage when he did not live on cooked plant foods, 
tliis ptyalin must be looked upon as a fortunate accident for him, or 
l)erhaps as “intelligent anticipation." But since it is there, one had best 
make use of its power of digesting cooked starches. 

Porous foods, such as nisks, into which the saliva can easily pene- 
trate, are more easily attacked than dense and compact masses, such 
as new bread. Moist substances, too, offer less resistance than those 
which are diy’. In fact the amount of saliva secreted varies, among other 
things, with the dr^mess of the food. Dried powdered meat, Pavlov 
showed, when given to a dog evokes a thin watery and abundant saliva, 
but when given in its original form only a scanty but highly mucous 
secretion. Doubtless something similar happens in man. 

The amount of saliva varies too, naturally and markedly, with the 
tastiness of the food and with appetite. If a person has a strong con- 
ditioned reflex for food, even if that food be distasteful to the majority 
of people — e.g. caviare to the general and durians to the occidental — 
that food will evoke a great flow of saliva. Dehydration of the body 
shows its first effect in decreased salivation. A person who is thirsty 
cannot produce saliva, a thing worth remembering when feeding a 
dehydrated person. Acidity of food, certainly, and a mild astringcncy, 
seemingly, increase salivation, but intense astringency such as that of 
an unrip( [lersiinmon "dries the mouth up." Vinegar, malt liquors, 
wines, and lea inhibit the digestion of cooked starch by saliva in vitro, 
but it is possible that, because these substances provoke a salivation 
• : iro, their inhibiting effect is overcome. 

.\nother important use of saliva which must not be forgotten is that 
«.>f washing the mouth clean from food particles which would otherwise 
rt'inain between tlic tcctli and undergo decomposition. (Witness the 
foul condition of the mouth when salivation is suppressed in fever.) So 
important is this liygiene of the mouth that many dental surgeons 
ach’ise that a meal should end with raw crisp fruit, which stimulates 
a flow of saliva besides being itself a detergent. 

In the Stomach 

Observations of the results of complete removal of the stomach in 
mail have shown that its co-operation cannot be regarded as essential 
to the complete digestion and absorption of an ordinary mixed diet 
jirovidcd the latter is presented to the intestine in a suitable mechanical 
fomi. None the less it has several functions to perform: 

1. To act as a reservoir.'-/ 

2. To convert the swallowed food to a semi-fluid form. 
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3. To damage or kill pathogenic microbes. 

4. To regulate the temperature of food.NX^ 

5. To effect a small degree of digestion of proteins. 

6. To produce (a) an “intrinsic'' factor which helps to carry- 

cyanocobalamine (extrinsic factor) across the intestinal 
mucous memb rane. 

1 . By acting as a res ervoir the stomac h enables us to take our food 
in considerabte-qiiantities at a time;'i.e^ it render s meals po ssible. The 
practical convenience of this needs no demonstration, but some points 
connected with the question of meals may again be raised. 

First it may be asked, At what intervals should meals be taken? Is 
it better to take several small meals or to consume one's daily supply 
of food at one or two sittings? The problem \vill be discussed again later 
from the point of view of physiological efficiency, but here we may treat 
it from the point of view of physical capacity. The “one-meal-a-day 
man" is at a twofold disadvantage: (i) he overburdens the mechanical 
powers of his stomach by the mere weight of food; (2) some of the food 
so introduced may be wasted owing to the digestive, absorptive, and 
assimilative powers of the alimentary tract and body-tissues being 
unable to keep pace with the flood of material which reaches them all 

at once. 

(1) The capacity of the human stomach is very variabl e, both in 
different individuals and in the same individual at diJfcrenT periods of 
life. On the average it may be estimated as from 2 to 4 pints and in the 
casTof solids at about 2 lb. If it be remembered that the total amount 
^{^olid food required daily is about 3 lb., it is evident that if the whole 
of this were eaten at one meal the stomach would be overtasked and a 
dilatation of that organ incurred. If the stomach is unhealthy it will bo 
unable to tolerate food at the rate of three meals a day (let alone one) 
but might be able to carry on if meals were given “little and often." 

(2) There is evidence to show that more food is wasted when it i.s 
taken all at once than when it is spread over a considerable time. The 
waste occurs in all the constituents of food and is partly due to defective 
digestion leading to defective absorption and to increased intestinal 
putrefaction. The results of Jacobean and Georgian orgies as related 
by the diarists are sufficient evidence of this, and there is experimental 
evidence pointing in the same direction. Moreover, as has been related 
elsewhere, a large amount of protein taken at one meal results in a much 
greater wastage of heat (the specific dynamic action of protein, q.v.) 
than if that amount of protein is spread more evenly over the day. It 
follows that the protein ration should not only be adequate in amount 
but that it should be divided between three or four meals a day in 
order that the best use may be made of it. The old custom at schools 
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and hospitals of gi^’i^g onh^ bread and butter for breakfast is evil and 
has been largely abandoned. The gro\ving child and the sick patient 
need adequate supplies of amino acids for growth and repair, and 
enough should be given at the first meal of the day to make up the 
deficiency caused by the fast which occurs during the night. 

The principle of so dividing the meals is one of great value whenever 
the stomacli is unhealthy and will be discussed later. 

The hours of meals have varied greatly even in the same country at 
different periods of history and in different classes of society, and must 
depend largely upon convenience and upon habits as regards work, 
etc. If jiossiblc, dinner, the principal meal of the day, should be taken 
after work is over, or at midday, pro\dded that a period of rest can be 
observed after it. The custom in schools of playing games shortly after 
a midday meal is a bad one which, fortunately, in the more progressive 
preparatorj' and public schools is being superseded by a period of rest, 
lying down, of half an hour's duration. 

2. The second function of the stomach is partially to digest the food 
and bring it to a semi-fluid form. This is done partly by the action of 
the ferment pepsin in the gastric juice and partly by the mechanical 
mo\'eiT^ntr(7f’tliu stomach walls. 

The Secretion of Gastric Juice. Until the beginning of this century 
it was supposed that the secretion of gastric juice was brought about 
by mechanical stimulation of the mucous membrane of the stomach 
by the particles of swallowed food. Pavlov* showed this to be a mistake 
in a series of most ingenious experiments upon dogs and his discoveries 
h:i\e been confirmed for man by Richet, Carlson, and others. He 
showed that the chief factors concerned are (i) psychological, and { 2 ^ 
clK'mical, ;ind that mechanical action plaj'S quite a secondary part, 
if any at all. 

Tin* ])sy( hological factor is bound up with the sensations of appetite 
ami Imnger. Tliese two sensations arc so intimately related that a clear 
understanding of the terms is essential. The two e.xperiences are funda- 
mt utally different. Ajipetite is related to previous sensations of taste 
ami smell of food. It is, or rather accompanies, a conditioned reflex. 
•M one time in a person’s life the taste and sm^ll of a food (e.g. an olive) 
may awake nothing but nausea, but at another and more sophisticated 
age, intense appetite. Psychological elements are therefore important 
components in ajtpetite, .*\ppctite may be divorced from hunger, as for 
instance at the end of a large meal when there is still an appetite for the 
savour}' and the dessert. It is probable that many a well-to-do person 
leading an ordered life never feels hunger and that his needs as regards 
food arc satisfied by the call to eat through appetite. On the other hand 
liunger will cause people to eat things for which the}* normally have no 

* Pav'lov. The Work of the Digestive Glauds, London, 1902. 
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appetite, and, indeed, when hunger is acute, things normally revolting. 

Hunger has a painful quality while appetite is pleasurable. Hunger 
undoubtedly normally stimulates appetite. Foods are more pleasant 
to eat when one is hungry, but as said above hunger can be divorced 
from appetite. Its physical basis is undoubtedly the cramp-like con- 
tractions into which the stomach goes when one is hungry.^ These are 
the result usually of deficiency of nutritional substances in the blood. 
The blood of a hungry animal sends the stomach of another animal into 
hunger contractions. Such depiction may account for hunger in man, 
for some diabetic patients, especially children, complain of great 
hunger whenever the blood sugar falls below 90 mg. per 100 ml., 
though others may not although the blood sugar may fall as low as 
40 mg. per 100 ml. The action of insulin in lowering the blood sugar is 
sometimes used in an endeavour to increase hunger and so stimulate 
appetite. 

Appetite is the psychological factor which causes a flow of gastric 
juice. In dogs, as well as in man, a liking for a food that is eaten evokes 
a greater flow of gastric juice than if a food be eaten for which there is 
distaste. Pleasant service and pleasant surroundings also improve 
appetite and therefore evoke a greater gastric response as Hawk and 
Rehfuss have shown in work upon American medical students. 

Hence the dietitian emphasizes the importance, especially when 
feeding the sick, of agreeable surroundings, of clean napery and dainty 
china, and of good cooking in promoting good digestion, and will make 
a point of consulting the likes and dislikes of patients. Hence too the 
prevalence of the habit of the glass of sherry before dinner, or the 
cocktail, and the savoury items usually classed on the menu as hors 
d'oeuvres. 

The second factor concerned in producing gastric secretion is a 
chemical one. Pavlov was the first to discover that meat and watery 
extracts of meat produce a secretion of gastric juice even when the 
“appetite” juice is obviated by feeding the animal through a fistula 
when it is asleep. He also showed that partially digested foods have the 
same effect. Later research has shown that some part or other of these 
foods acting on the mucous membrane of the pyloric end of the^sUynach 
releases into the bloodstream a hormone, which travelling round the 
circulatory system comes back to the mucous membrane of the stomach 
and stimulates the glands to secretion. It is claiiAed that glucose, 
alcohol, lactic acid, sodium bicarbonate, saliva, or meat will liberate 
this hormone. Still more potent than meat are extract of meat, al- 
bumoses, and peptones. The hormone may be histamine. 

The normal course of secretion is (i) that there is an appetite juice 

* Cannon, W. 13 . (1929), Bodily Changes in Pain, Hunger, Pear, and Page. 
AppJeton & Co., New York. 
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secreted as the result of a gustatory conditioned reflex. This juice is 
constant in composition, containing hydrochloric acid and pepsin, 
(ii) There is a second prolonged secretion of the glands continuing long 
after the reflex flow is over as the result of the setting free from the 
pyloric mucous membrane of some hormone into the blood-stream. 
This second^ flow will therefore vary with the nature and state of 
digestion of the food in the stomach. The combined results of all these 
factors will doubtless account for Pavlov’s observation that each food 
calls forth a response specific to that food. 

There are also, in addition to chemical excitants to the flow of gastric 
juice, chemical depressants. Fat is a notorious example as was first 
discovered by Pavlov. Later, cane sugar has been added to the list by 
the work mentioned above of Hawk, Rehfuss and colleagues. This not 
altogether unexpected result suggests perhaps the disadvantage of 
sweet things before a meal.® Iced water and strong alcoholic drinks arc 
also depressants. Sodium bicarbonate given before a meal is said to 
stop the secretion of gastric juice, but given with or after a meal 
increases it. The bearing of these facts on the dietetic treatment of 
liyper- and hypo-acidity and of peptic ulcers is obvious. 

Acidity of the Gastric Contents. The total amount of hydrochloric 
acid jiresent in the stomach depends upon the quantity of gastric juice 
secreted, whicli may be as much as 700 ml. after a large meal. Of the 
total amount of acid secreted after a 'meal only a small part remains 
in the free form; the larger part is in a state of combination with 
l>rotcin. The first part of the h5'drochloric acid secreted is neutralized 
by the bases present in the food (e.g. carbonates) and after these have 
been neutralized the rest is free to unite wth the proteins. There is 
always some free hydrochloric acid over and above that wliich com- 
bines with the bases of protein of the food. The average figure for free 
h> (lrocliloric acid in pure gastric juice is 0-4 to 0-5 per cent. Pure juice 
is difficult to obtain and it is usual to use the figure obtained after a 
fractional test meal, or after giving histamine or alcohol. 

Bennett and Ryle examined the gastric juice of 100 healthy students 
at (’iu\-’s Hospital, using the gruel test meal, and found that 84 per cent, 
of the curves for acidity fell between what are called the normal limits 
of 0-040 to o-i8o g. of hydrochloric acid (ii to 50 ml. of N/io Hydro- 
chloric acid), with a mean of o-iiS {32 ml), at the end of ij hours after 
the meal; 7 per cent, rose a little above o-iSo (50 ml) at that time but 
iiegan to decrease later like the 84 per cent, wliich were within normal 
limits; 5 per cent, exceeded o-iSo g. at the end of i hour and continued 


* .\ccording to Ivy there is a still further chemical influence arising from the 
pr. (ducts of digestion in the small intestine. 


- li.g. Fruit at breakfast, 
this country in hot weather. 


' Fruchtsuppe” as in Crcrmaiiy and iced melon in 
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to climb (the “climbing curves’’); and 4 per cent, of the cases showed 
complete achlorhydria^ The causes of these individual differences are • 
not clear and none of the students complained of gastric symptoms. 

The amount of acid begins to decrease after ij or hours and this 
decrease is believed by Bolton to be due to the regurgitation of alkaline 
fluid from the duodenum as the proportion of total chloride to free 
hydrochloric acid increases about this time except in those patients 
who have a “climbing curve." 

The gastric juice then is markedly acid (/>H = i'6 to i-8) and ue 
have to consider the relations of this acidity to (i) the digestion of 
starch in the stomach; (2) morbid gastric sensations. 

Digestion of Starch in the Stomach. There is no doubt that ptyalin 
is rapidly destroyed by free acid and that its action on starch 
at about />H=4. The rate'oTdigestion of starch by ptyalin depends on 
the concentration of hydrogen ions in the medium. It is at its maximum 
at ^H=6'9 or just on the acid side of neutrality. So soon as the 
combination of protein with acid in the stomach fails to keep the 
hydrogen ion concentration at or beyond this figure the ptyalin diges- 
tion of starch falls off. When starchy foods undergoing salivary 
digestion are thoroughly mixed with gastric juice digestion ceases. 

It follows then that starchy foods will not go on digesting for long in 
the stomach, at any rate if they arc mixed with the earlier portions of 
the meal; in the later portions of the meal carbohydrate digestion can 
continue much longer. Observations with X-rays have shown that the 
food last swallowed is received into the centre of the mass already 
jirescnt in the stomach, and does not for some time come into contact 
with the giistric juice. The central portions therefore can retain an 
alkaline to mildly acid reaction for a considerable period during which 
jityalin can go on digesting the cooked starch. This justifies the con- 
ventional arrangement of a dinner in which the starchy course (pud- 
ding) comes after the protein course (meat). 

Relation of the Acidity of the Stomach Contents to Morbid Gastric 
Sensations. In health, digestion proceeds quite unconsciously and 
without the production of any sensation at all. In morbid conditions 
of the stomach, however, digestion may be accompanied by sensations 
of pain, and these seem to arise in at least two ways: (i) from disorder of 
the motor functions of the stomach; (2) from abnormal conditions of 
the mucous membrane. 

The former of these we shall consider later. The latter seem to be of 
two sorts: (a) where the mucous membrane is unhealthy and is unduly 
sensitive to the total acidity of the contents; (6) where free acid alone 
produces pain. The former of these conditions seems to be present 
where actual lesions of the mucous membrane exist — c.g. in acute and 

* Guy's Hospital Reports, ( 1921 ), 71 , 286 . 
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chronic gastritis, ulcer, and in carcinoma. The latter, i.e. (6) above, 
if it ever occurs, is apparently more often of the nature of a neurosis 
— a hyperaesthesia of the nerves of the mucous membrane, though it is 
possible that in extreme degrees of such hyperaesthesia pain may be pro- 
duced even by combined acid. Where the total acidity causes pain the 
condition is likely to be aggravated by foods rich in protein, such as 
meat, for these, as we have seen, call forth an abundance of juice, and 
tlicreforc of acid. If, on the other hand, free acidity alone excites the 
sensation, such foods are likely to be beneficial, for they delay the period 
at which free acid appears, and also lessen its amount. In accordance 
with this explanation it will usually be found that patients who are 
suffering from ulceration of the stomach complain of pain after meat, 
but can digest milk with comfort; for milk not only neutralizes much 
acid by means of its proteins, but in itself calls out the secretion of a 
weak and scanty gastric juice. On the other hand, one usually finds 
that patients with functional dyspepsia and hyper<esthesia of the 
stomach suffer less from meat than from foods which, being poor in 
proteins, allow of the early appearance of uncombined hydrochloric 
acid. These considerations arc of importance in helping one to select 
a suitable dietarj^ for dyspeptics. 

One other function of tlie hydrochloric acid is to render some metallic 
radicles of salts more available. Thus calcium phosphate may become 
calcium chloride and passing down into the duodenum may be absorbed 
as such. Hypochlorliydria may account for a difficulty some people 
show in absorbing sufficient calcium and iron from normal diet. 

Movements of the Stomach. In studying the movements of the 
stomac h, one must distinguish quite sharply between the cardiac and 
the pyloric end of the organ. The two ends are distinct, both anatomic- 
ally and functionally. The cardiac end secretes both pepsin and hydro- 
chloric acid, tlie pyloric end pepsin and the "intrinsic” s ubstan ce. The 
former lias but feeble motor power; the movements of theTa^tcr are 
Jiiore powerful. 

Possiblj’ as the result of Cannon’s masterly work on gastric peristalsis 
in the cat, the amount of movement in the stomach of man has been 
i-xaggcrated. Radiograms purporting to be normal have indicated an 
amount of mo\cmont that we now know to be abnormal. Barclay^ 
shows a picture of a normal stomach emptying its contents into the 
duodenal cap in which there is little or no peristalsis and another 
where the peristaltic waves arc of the mildest, and contrasts these with 
on(‘ where there is excessive peristalsis. The latter more closely 
resembles the normal appearance in the cat. Thus both active and quiet 
peristalsis may occur in health, and we do not know yet what deter- 
mines tlie one or the other. 

‘ Anier. Jour/t. Roentgenology (1938), 40, 330. 
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The stomach is a U-shaped cavity with one limb (the pyloric) 
shorter than the other. Tlie cardiac end remains quiescent but, towards 
the pyloric end, peristaltic waves may mix the food up, but this mixture 
is not an essential mechanism, though it is brought into action if the 
food contains any large unmasticated lumps. The main propelling force 
must be the intragastric pressure due to the tonus of the muscular walls 
of the stomach. From time to time the pylorus opens and allows food 
to enter the duodenum, and according to Barclay this opening is pro- 
bably controlled by a reflex mechanism actuated from the region of the 
ileo-colic sphincter and is not due to peristalsis of the stomach or to 
change in the acidity of the gastric contents. 

The length of time which elapses between the swallowing of food and 
the first opening of the pylorus is variable, depending chiefly upon the 
consistence of the food and the temperature of the stomach contents. 
Fluids, unless they contain much solid matter in suspension, begin to 
escape almost immediately — water, indeed, whilst it is still being 
swallowed. 

Any excess of fluid taken with a solid meal is probably also passed 
on almost at once, and so cannot seriously dilute the gastric juice. 
Solid food can only escape after it has been brought to a fluid or semi- 
fluid consistency, and this must obviously depend to a large extent 
upon its physical characters and de nsity . 

An op aqu e meal of porridge arid bismuth oxynitrate can be seen 
escaping from the stomach within ten minutes of being eaten, and 
estimation of the blood sugar shows that it has risen ten minutes after 
glucose has been taken by mouth and twenty minutes after a porridge 
meal. 

The larger part of a meal, however, probably does not pass out of 
the stomach till most of it has been rendered fluid, and half an hour 
after that has taken place, the stomach may be regarded as empty. 

Rate of Digestion of Different Foods. The response of the normal 
human stomach to various foods was first investigated by Beaumont 
in his classical experiments on Alexis St. Martin, and Penzoldt made 
careful observations in 1893. From 1912 onward till the subject's death 
from cancer of the stomach Carlson produced a number of communi- 
cations concerning digestion in tlie stomach of \'lcek, a Czech, with a 
surgically-made gastric fistula. The method of removing small amounts 
of food at frequent intervals after a meal by means of the Rehfuss tube 
has also given much information. 'Iherc were, among the students 
investigated by Hawk, Rehuss and others, two types of stomachs — tlu‘ 
slow and the quick. The slow did not complete its emptying under 3J 
hours, whereas the quicker type of stomach was empty in 2A hours. 
The time which the slow and (juick acting stomachs take to empty ami 
the highest total acidity observed arc shown in the table on p. 204. 
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The results destroy some popular beliefs. Thus loo g. of beef and lamb 
were both digested in about the same time, 3 hours and 25 minutes for 
the slow, and 2 hours and 35 minutes for the more quickly emptying 
stomachs, whereas chicken and ham take ten to twenty minutes longer. 
Further, roast beef was rendered semifluid in the same time whether 
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it was underdone (American “rare”), medium, or well done. Bacon 
took nearly one hour longer to digest than beef. Two eggs, cooked in 
various ways, were digested ten minutes quicker than 100 g. of beef. 
Raw eggs left the stomach a little quicker, but if they were boiled hard 
an extra ten minutes was taken. Vegetables as a whole left the stomach 
in two hours but cabbage and asparagus were got rid of in one and a 
half hours. Raw lettuce took only one hour, but the addition of sugar, 
vinegar, and oil, delayed the emptying a little. 

The observations on the digestion of milk are most interesting and 
were carried out on one man who had the power of regurgitating small 
samples of milk at regular intervals. The curds from raw whole milk 
were like rubber and as big as a man's thumb, but those obtained wlien 
the milk had been boiled for five minutes were soft. and no bigger than 
a pea. The curds obtained from pasteurized milk were intermediate 
in size between those of the raw and boiled milk. Those obtained from 
skimmed milk were much larger and very hard. The character of the 
curd was directly affected by the fat content and the addition of extra 
cream made the curds considerably smaller, though the stomach took 
longer to empty. 

The addition of 2^ g. of sodium bicarbonate to 500 ml. of raw whole 
milk caused the formation of smaller soft curds, though the change was 
not so marked as that produced by boiling. 

The observations on pies’ showed that the pie crust was evacuated 
in 2 hours 52 minutes, while the fruit portion was got rid of in 26 
minutes less time. The addition of 100 g. of sugar delayed evacuation, 
but small amounts (10 g.) had no effect. The figures for the secretion of 
acid are also surprising. The higliest figure of 140 ml. is given by veal 
arid turkey, whereas beef and pork with 120 ml. are below both chicken 
and fish. Eggs and bread produce relatively little, only 80 ml. The 
figures for milk are rather difficult to evaluate, as 400 ml. which is a 
large amount to drink, caused an acidity of 100 ml., while 75 ml. 
(2J oz.) produced 45 ml. of acid. It seems probable that some of the old 
observations are correct, i.e. that mashed potatoes arc more rapidly 
disposed of than boiled potatoes, and that old potatoes are bett(“r 
tolerated than new potatoes. Firm bread and biscuits are found to be 
more digestible than new bread, but there is little difference between 
crust, crumb and toast and between new and stale bread, provided 
all are equally w’ell chew'ed. 

3 . Antiseptic Action of the Gastric Juice. Another function w'hicli 
the stomach serves is that of partially sterilizing the food by the 
antiseptic action of the hydrochloric acid of the gastric juice, This 
action, however, is not a powerful one, and some organisms such as 
those which form acids, seem to escape it altogether, and liieri* is 

* The American pie is what wc sliould term a turnover. 



206 


DIET IN NORMAL LIFE 


reason to believe that the same is true ol some, at least, of the com- 
montr pathogenic organisms, notably the tubercle bacillus. 

The sterilizing power of the stomach must vary greatly according to 
the period of digestion and the nature of the food. It probably reaches 
its maximum towards the later periods of digestion, when hydrochloric 
acid is present in the free state, whilst it is much less, or even absent 
altogether, in the earlier stages, when all the hydrochloric acid is in a 
combined form. Food rich in protein, by fixing the hydrochloric acid, 
must greatly lessen the germicidal power of the gastric juice. The 
stomach has little control over the growth of organisms in the intestine. 
Tiie small intestine remains free from putrefactive organisms ev'en if 
there is achlorhydria in the stomach or, indeed, when the stomach has 
been completely removed. 

4 . The Temperature of Foods and Drinks. One of the minor functions 
of the stomach is that of regulating the temperature of the food. It 
stands in this matter as a protector of the intestine, which appears to 
be more injuriously affected by extremes of temperature than the 
stomacli itself. 

The ideal temperature for food is probably that of the body itself. 
Told food is diflicult to digest, for it does not c.xcite the stomach 
sufticiently, nor docs it possess the stimulating properties of a hot meal. 
It has been saitl that there is a special craving for alcoholic stimulants 
on the part of those who arc unable to get hot meals, but this is not 
borne out by observation on Arctic explorers. 

ILxtremcs of temperature in foods should be avoided as tending to 
jjroduce local injury to the stomach; from 45® to 130® F. are probably 
the limits of safety. .Many people, however, are able to take ices and 
iced drinks with impunil}’ for many years. 

Drinks at a temperature of 50® C. {122® F.) make one feel warmer 
anil at a temperature of 7®C. (45® F.) cooler. Wunderlich found that 
hot punch at 122*!'. raised the axillarj' temperature by 0-03® to 
0*1 ®C. for a period of tliirty to sixty minutes, while half a litre of water 
at tlic same degree of heat caused an acceleration of the pulse nearly 
20 beats per minute very short!}’ after it had been swallowed. 

On tiic other hand, three tumblerfuls of water at a temperature of 
45® F. produced a lowering of the axillary temperature from 98-4® F. 
to 977° F., while the pulse-rate fell from 70 to 61 per minute,^ 

'I'lie local effects of extremes of temperature in the stomach are ver}' 
mucli the same whether the extreme be one of heat or of cold. In each 
case there is a danger of exciting gastric catarrh. \'ery hot foods seem 
to be specially dangerous in stomach-bleedings, e.g. ulcer; and there 
are some wiio say tliat tiie special liability of cooks to suffer from gastric 

* Mt)st of the effects dctaile.l must be due to refiex vasodilatation or coa- 
slriction of the skin bloodvessels. 
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ulcer is to be attributed to their constantly tasting very hot foods. On 
the other hand, very warm fluids may relieve pain in the stomacli by 
abolishing pyloric spasm. 

The temperature most suited for drinks intended to quench thirst 
is one of from 50° to 70 F. Ices are supposed to cause dyspepsia, 
cardialgia, and even acute dilatation of the stomach, although small 
quantities of ice undoubtedly tend to allay gastric irritability. Possil^ly 
the English fear of the dietetic use of icc and ices is exaggerated. 

5 . The Digestion of Proteins. The digestion of protein is initiated 
in the stomach. Ultimately protein has to be disintegrated into its 
component amino acids before it is of use to the body. The pepsin of 
the gastric juice does not carry' digestion any' great distance. Its function 
is to attack the huge molecules of protein and resolve them into smaller 
fragments which have, however, still a large molecular weight. Appar- 
ently the acid of the gastric juice first combines with the protein and 
then the pepsin begins its work. The first product is the metaprotein 
known as acid albumin or syntonin. Tlic next product is primary 
albumosc {or proteose) and the next, secondary albumose. These are in 
a descending scale of molecular magnitude. Peptones are also found 
in peptic digests. 1 hose form a group of still lower-sized molecules and 
are feeblj' diffusible through animal membranes. Most peptic digests 
consist of a mixture of all these partially digested proteins together with 
a small amount of free amino acids. How far such digestion proceeds 
in the stomach depends upon the length of time tlie protein food re- 
mains there and upon the amount of pepsin secreted. There is some 
evidence that pepsin attacks not the peptide linkages in protein but 
some other type of linkage, and there are a few proteins which arc 
better digested if gastric digestion precedes pancreatic digestion. 

On the whole it must be admitted that gastric digestion of protein 
is not indispensable and its importance can easily be over-estimated, 
as in the fallacious rationale underlying the Hay diet.' As said 
before, digestion of protein is initiated in the stomach, but it is only 
carried to the full extent of complete chemical disintegration into 
amino acid^in the small intestine under the influence of trypsin and 
erepsin. 

Milk undergoes clotting in the stomach and according to most 
observ'crs this is due to a special ferment, rennin which turns the 
caseinogen of milk into aisein and the latter combining witli calcium 
gives a clot of the insoluble calcium caseinate. Some peoj)le regard this 
clot formation as the result of an early stage of digestion of the case- 
inogen by the pepsin. The bearing on dietetics is that milk clots in the 
stomach, that skimmed milk forms a very tough clot, raw whole milk 
a tough clot, pasteurized milk and boiled milk softer clots, and dried 

r See p. 5<J4, 

Pi-o 
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milk when reconstituted a friable clot. The digestibility varies with the 
size and nature of the clot. 

6. The Production of the Haematinic Principle. Apparently another 
substance {Castle's intrinsic factor) is secreted into the stomach, but 
from the pyloric end, which, acting on "extrinsic substance," cyano- 
cobalamine (vitamin 812) in foods, e.g. beef, liver, etc., enables it to 
cross the barrier of the intestinal mucous membrane. Patients with 
pernicious anemia do not make this "intrinsic factor." 

Absorptive Power of the Stomach. The absorptive power of the 
stomach is surprisingly small. In this also one may see a provision for 
the protection of the body , for it allows of the neutralization or rejection 
of injurious substances before they have time to enter the blood. 
.■\lcohol, curiously enough, is of all substances, that which the stomach 
absorbs most readily. This partly explains the rapid action of alcohol. 
Peptone, sugars, and salts are also absorbed by the stomach. The 
stronger the alcohol, or the more concentrated the solution of these 
substances, the greater is the degree of absorption. 

Tlicre is reason to believe that the process of absorption by the 
stomach is much more of the nature of a mere diffusion than is the case 
in the intestine, and the process is accompanied by the pouring out of 
a good deal of secretion. The practical bearings of absorption in the 
stomach will be more fully dealt with when we come to consider the 
dietetic treatment of gastric dilatation. 


DlGtSTION IN THE Sm.’^LL INTESTINE 

W hen the partially' digested food leaves the stomach it enters the 
lirst part of the duodenum as a mass where it may remain for a time. 
L'ltimately, either by being pushed on by newly arrived food from the 
stomach or by contraction of the circular muscles of the duodenum, 
it is pjissed into the second portion of the duodenum and is there very 
rapidly "fragmented. "1 Or the fragmentation may be delayed till the 
food has reached the jejunum. This fragmentation, due neith er to the 
segmentation nor to the peristalsis seen so well in animals, is probably 
brought about by the niuicitlaris mucosa:, and is obviously of great 
importance. By its means the food is brought intimately into contact 
with the digestive juices poured into the small intestine by the pancrea s, 
by the crypts of Lii-berkuhn and the liver. 

The pancreas is partly under the control of the vagus, which, accord- 
ing to J. Mellanby, causes it to secrete ferments,* and partly under the 
influence of the hormone, secretin,* which, dissolved by the bile salts 

^ liARCLAY, A. E. (1936). The Digestive Tract, 2nd edn., 162. O.U.P. 

2 Meii.akbv. J Jonrn. Physiol. . 61, 122. ^19, 489. 

^ j. (1925), Jount. PhysioL, 60, 85. 
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meet tlie ferment cnterokinase of the intestinal juice before it is turned 
into the very active ferment trypsin. The intestinal juice contains in 
addition to the cnterokinase, erepsin, nucleases, lactase, maltase and 
invertase; while the bile contains bile salt. 

Trypsin digests cither undigested or semidigested protein, breaking 
into the peptide linkages, freeing a good deal of amino acids but not, 
however, digesting every' peptide linkage. In order to bring all proteins 
to amino acids, erepsin is needed to follow up the action of trypsin. It 
is the function of these two ferments to complete the digestion of protein 
whether or not it has been initiated by pepsin. 

Fat in the human small intestine is probably hydrolysed by the 
steapsin of pancreatic juice to glycerol and fatt}' acid, and the latter 
in the presence of any alkali will become a soap. But there is evidence 
that fat can be absorbed as such in a highl}' emulsified form. 

Starch, dextrins, and glycogen are hj'drolyscd by the amylopsin of 
the pancreatic juice to maltose. 

Nucleases attack the nucleic acid of the nucleoproteins anti dis- 
integrate them into phosphoric acid, purine bases, carbohydrate, and 
pyrimidine nucleosides; lactase attacks the lactose of milk ancl'hydro- 
l)'scs it to glucose and galactose; maltase hydrolyses maltose to glucose; 
and invertase h3-drolyses sucrose to glucose and fructose. 

I hus in the small intestine all the foods which need digesting are 
thoroughly digested into substances wliich are cr3'stalIoid4{^ind there- 
fore ditlusible), and acceptable to the cells of the body w(^h the}' are 
intended to nourish. Nothing short of this is of any use, aj^ if proteins 
or I'olypeptidcs or disaccharide sugars get into the blood-stream they 
either cause disturbance or are excreted unused in the urine. 

Absorption in the Small Intestine. Practically the whole of the 
absorption of food-stuffs takes place in the small intestine. As stated 
abo\-e a small amount of sugar may be absorbed in the stomach, but 
tlie amount is almost negligible. All the protein as amino acids, all the 
rarholi\ (lrate as hexose stigars and all tlie fat, probably in man as fatty 
acids and ghxerol, which are absorbed, are absorbed in the small 
intestine, So too are the inorganic salts and the vitamins.^ Also at least - 
fonr-tifths of the water drunk is absorbed by the vjlli of the small 
iiUi .Stine. In fact that organ is remarkably efficient in the completeness 
and tlie rapidity \iith wliich it works. 

As we have seen, at least 95 per cent, of digestible proteins, 97 per 
cent, of fats and 97 per cent, of digestible carbohydrates are absorbed. 
Ihe figure may actually be higher, because in making this estimate it 
is assumed that the protein, fat and carboh3'drate in the fcEces arc 
rleri\'cd from the food. This a.ssumption is probably untrue. The 
nitroginous material of the faeces ma\' well be derived from secretion of 

* Hut SCO below, pp. and 215. 
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digestive juices and not from the protein of the food and it is not 
impossible that the fat and carbohydrate of the Leccs come from the 
same source. The “fat” resembles the blood lipoids. 

No physico-chemical explanation accounts for the power of the 
intestinal mucous membrane to absorb materials from its lumen. It 
absorbs what it wants, or what the body wants, despite osmotic, 
filtrativc, and diffusion gradients which may be working in the wrong 
direction. But this is not to say that these gradients do not affect 
absorption. Magnesium sulphate exerts a back osmotic pressure because 
it is not absorbed and thwarts — henTe its aperient action — the attempts 
of the intestine to absorb water and substances dissolved in water. 
Meulengracht* has even related a failure to absorb calcium from the 
diet, with a resulting spinal caries,, to the use of purgatix es. Further, 
anytliing which hurries the contents of tlie small intestine on their 
way to the colon, e.g. ,3 consumption of large amounts of roughage, 
may prevent the absorption of the normal ]>ercentage of the various 
constituents of the diet. This largely accounts for the lowered percent- 
ages absorbed from a mainly vegetarian diet. Any regime which utilizes 
large amounts of roughage or purgatives will entail (i) loss of nutrient 
material to the body; (ii) the passage of unabsorbed proteins, fats, and 
carbohydrates into the large intestine, with consefjuences detailed in 
later paragraphs. 

Because the secretions of the pancreas and intestinal glands an; 
alkaline it is often assumed that the contents of the small intestine 
arc alkaline or at any rate neutral. This is probably not the case. 
Samples of human duodenal contents show an acid reaction (/»H 
between 6 and 7 ). Also observations of patients with intestinal fistula* 
suggest that acidity is usual throughout the small intestine.* One of 
the functions ascribed to vitamin D is that it enables the small intestine 
to remain acid throughout its length and thus facilitates the absorption 
of calcium salts.* Acidity of the small intestine also increases the 
absorption of iron. This acidity is due not so much to the failure of the 
glandular excretions to neutralize the acid of the gastric juice as to the 
growth of acid-producing bacilli. Through their action upon carbo- 
hydrate, acetic, butyric, and lactic acids arc produced. In intestinal 
disorders in which there is an extension of the putrefactive, alkali- 
]iroducing bacteria of the large intestine, there is a case to be made out 
for the increasing of carbohydrate in the diet, or belter still adding 

» Lancet, 1938, 2, 774, 

* This generally accepted observation invalidates the theory upon which the 
Hay diet is based. 

’ i5y this we do not mean that calcium cannot be absorbed from an alkalim^ 
small intestine. A positive calcium balance was observed by one of us (G. G.) in 
a case of renal rickets when the patient was given heavy doses of alkalis and a 
large dose of vitamin D. 
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lactose which is not easily digested and absorbed and therefore passed 
further down the intestine unabsorbed than the other sugars. Recourse 
too may be had to cultures of Bacillus acidophilus, one of the normal 
inhabitants of the intestine. It may be well also to remind the reader 
again of the value of milk as an intestinal antiseptic. 

The contents of the small intestine remain fluid throughout its 
length; water and substances in solution being absorbed at the same or 
approximately the same rate. At the lower end of the ileum the amount 
of solid matter is only 5 to 10 per cent. The advantage of a fluid diet in 
intestinal ulceration can therefore only be due to the absence from it of 
things, such as roughage, which would cause mechanical irritation of the 
walls of the intestine. 

Judging from the rate of passage of a meal opaque to X-rays, the 
ileo-colig sphincter is reached 2 to 3 hours after a meal and the caecum 
begins to fill at the 4th hour (i.e. at the time of the next meal). At the 
bth hour the last of the meal is in the ileum. Consequently the major 
portion of the digestion of a meal and the absorption of the whole of it 
is accomplished in the 3 to 4 hours during which the meal is in the small 
intestine. 


. V Digestion in the Large Intestine ^ 

1 he contents of the lower end of the ileum pass on into the colon 
at times related to the taking of the next meal. There is a growng 
belief that the different parts of the alimentary tract are nervously 
integrated. Thus tlic ileo-colic sphincter is thought to open when a new 
instalment of food passes into the stomach at a meal, and there is some 
e\ i(lence that the pyloric sphincter is also integrated with the ileo-colic. 
Ht* that as it may, the ca’cum begins to fill 4 hours after a meal, at the 
bth hour the head of the meal is at the hepatic flexure but its tail is in 
the ileum. At the loth hour all has passed the ileo-colic sphincter and 
may be in the sigmoid colon ready to be evacuated, or the residue of the 


meal may accumulate in the transverse and descending colon and only 
reach the sigmoid colon in the 20th-24th hour. These are of course 
average figures only — there are great individual variations, particularly 
in tile rate of passage through the large intestine. Often the indigestible 
debris of the evening meal (e.g. tomato skins) may be voided the next 
morning, i.e. 12 hours later, and the sigmoid colon reached decidedly 
earlier. 


It will be noticed that there is a considerable slowing up of the rate 
of passage of the meal in the large intestine. WTiereas the first two- 
thirds of the alimentary tract may be traversed in 4-6 hours, the 
remaining third may take iS-24 hours. Indeed it does by no means 
follow that all the debris of a meal will be voided either 24 hours, 48 
hours or 72 hours afterwards. 
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The rate of passage through the large intestine is normally increased 
by vegetable foods either by the mechanical stimulus due to their 
coarse indigestible fibres or by chemical breakdown products of vege- 
table cell walls and this has led to the erroneous belief that constipation 
can be invariably relieved by “roughage.” There are colons along which 
tbe passage of food debris, etc., Is slow because they are atonic (the 
lazy colons) and colons which allow but slow passage because their 
circular muscles enter into a spasm (the spastic colons). Roughage still 
further delays the passage of fxces along spastic colons. X-ray e.xamina- 
tions — which according to Barclay are the only certain means of judg- 
ing (a) whether constipation exists, and (6) its nature — whether atonic 
or spastic — show that in from 30-50 per cent, of cases examined the 
constipation is due to spasticity. Hurst states that the spastic colon is 
five times as frequent in females as in males. 

Antiperistaltic movements in the ascending colon forcing material 
back into the cjecum, so commonly seen in animals, are absent in the 
normal human being. The only movements seen are (i) a \er>- slow, 
small, to and fro movement within each haustral segment, and (li) 
sudden “mass movements.” as first described by Hurst and b\- Hol/.k- 
necht. These latter arc important. They occur perhaps three or four 
times a day immediately after a meal. As a preliminary- the haustrations 
of the colon disappear and the colon walls are relaxed. Then the circular 
muscles (presumably) contract, beginning proximally, and sweep the 
column of intestinal contents in front onwards, it may be, for a couple 
of feet or more. The movement dies out. and the haustrations reappear. 
The “mass movement” may carry the colonic contents down into the 
sigmoid colon and on into the rectum, thus sounding the “call to stool.” 
It is probable that these mass movements are related to the taking of 
a meal and account for the “call to stool” whicli so frequently is felt 
soon after breakfast or, failing breakfast, one of the other large meals 
in the day. 

As said above, the contents of the ileum are fluid — they contain 
some 90 per cent, water. Much of this water is abstracted as these 
contents pass into and down the colon and the faeces when formed and 
voided contain about 50 per cent. If the passage has been quick along 
the colon the fa-ces will be more fluid and if slow more solid. So long 
as the diet has been digestible the composition of the faces is remark- 
ably constant, though the diet may be very varied as regards content. 
This points to the faces being derived rather from secretions of the 
alimentary tract than from unabsorbed food. 

But if the diet has been indigestible, has been taken in excessive 
amount, or swallowed too rapidly for thorough chewing; or if the foo<l 
has been hurried along the alimentary tract by drugs, irritability of the 
gut, roughage or food poisoning. undigest<;d and unabsorbi‘d products of 
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digestion will pass into the colon. Here they form a fine pabulum for 
the bacterial flora of the large gut. Proteins and amino acids may be 
broken do^vn and deaminated or decarboxjdated to phenols, indol, 
histamine, tyramine, etc. Carbohydrates may be converted to marsh 
gas, hydrogen, butyric and lactic acids, and fats to fatty acids and 
glycerol. The products of protein decomposition are poisonous if 
they get into the bloodstreams, and escape the detoxicating influence 
of the liver. There is little evidence that they ever do, but upon 
the imaginary evidence that they do, were based the mutilating 
operations on the large gut during the opening years of this century 
and all the food and medical fads which are centred on the view that the 
large intestine is a poisonous cess-pool. The undoubted secondary 
symptoms of constipation — raised blood pressure, headache, nervous- 
ness, evil taste in the mouth, and foul breath — are due to distension of 
the colon and not to toxaemia. 

If there are formed elements in the fasces, apart from the large 
numbers of dead and living microbes, it is a sign of unsatisfactory 
digestion. Muscle fibres of the meat eaten should not be present. If they 
are, food has been bolted, or eaten in too large amounts, or peptic and 
})ancreatic digestion is poor. If starch grains are found it means either 
tiiat the starchy foods were not properly cooked or that they were 
hurried along the gut by roughage and purgatives or were enclosed 
in \-(‘gctable cell walls. 

In any case incomplete digestion and absorption of foods in the 
small intestine makes for offensive fluid stools and intestinal distension. 
The bearing of this upon dietetic habits, cooking, and dietetic hygiene 
is fairly clear. 

I'litil 19^0, research had shown that the large intestine absorbed 
nothing but water and glucose from its lumen and the possession of 
such an organ has been somewhat of a puzzle to biologists. The bird 
has jtracticall}'^ none, the carnivores a short one and the herbivores one 
much longer. Man is in an intermediate position. His intestine is sterile 
at birth but within a very few hours it is invaded by microbes. If these 
arc dangerous, as Metclmikoff and others have thought, why has such 
an organ been retained? Others have maintained that the microbic 
flora of the large intestine serve a useful purpose, though it was 
shown by Nuttall early in this century' that guinea-pigs can be reared 
under conditions in which their large intestines remain sterile. Since 
iQ^o evidence has been accumulating that the flora of the large intestine 
manufacture vitamins of the B complex, that these pass into the fluids 
in which tlie microbes are being cultured and are absorbed into the 
blood stream. Thus man can absorb at times sufficient thiamine, 
riboflavine, nicotinic acid and probably the other moieties of the B 
complex from the iHcubator fonned by his large intestine. At 
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these moieties from the large intestine are a ver}^ useful supplement of 
those taken in the food. Confirmatory of these observations are the fact 
that thiamine, riboflavine and nicotinic acid can be rapidly absorbed 
from enemata.* Microbes of the large intestine can also manufacture 
vitamin K in adequate amounts for absorption. 

Consequently we "may 'consider this production and absorption of 
vitamins an important function of the large intestine acting as an 
incubator for commensal microbes, and we can also sec a danger in 
removing it surgically, using bacteriostatic chemicals which will 
depress the activity of these microbes or adopting a freak diet which 
may alter the nature of the intestinal flora. 

Until recently it was believed that the large intestine is an excretory 
organ for excess of calcium, phosphorus and iron in the blood but to-day 
this view is discredited as the result of a long series of experiments by 
McCance and Widdowson.* Any of these elements found in the fjeces arc 
there because either they have not been absorbed from the alimentary 
tract or have formed a normal part of the succus entericus. 

A s ummar y of the digestion of a mixed meal may serve to gather up 
a number of the scattered facts which have been mentioned in the 
preceding paragraphs: 

The complex sensation called "hunger” impels one to seek food. 

The sight and smell of the food awakens the sensation of "appetite,” 
and with it there begins a flow of digestive juices, most marked in the 
case of the stomach. The soup, which usually forms the first course, by 
virtue of its warmth and of the extractives which it contains, accelerates 
and increases the secretion of the gastric juice. The solid part of the 
food is chewed to a pulp in the mouth, and unless acid substances are 
mixed with it, part of its starch is changed into maltose. Arrived in the 
stomach, it encounters the "psychic” juice already secreted, the acid 
*of which combines with the proteins of the food. In this way the 
acidity of the stomach contents is kept down, and the action of the 
saliva upon the starch is allowed to continue. As the solids become 
digested by the "psychic" juice, their chemical constituents are set 
free, and themselves begin to excite a secretion fitted for their own 
digestion. 

Meanwhile, the acidity of the contents induced by vagal action and 
the presence of the food goes on increasing, and brings to an end any 
further action of the saliva upon starch; it kills or paralyses many of 
the organisms swallowed with the food, while at the same time the 
peristaltic movements of the stomach begin. Under the influence of 

* Najjar el at. (1943 and 1944). Journ. Amer. med. An., 123, 683, and 126. 357, 
cited Lancet (1944), 2, 854. 

* See, for qxamDle, McCance, K. A., and Widdowson, E. (1937). Lancet. 2, 
680. 
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these, the gastric juice and the food are mixed, and the temperature 
of the mass adjusted to that of the body. As digestion proceeds, the 
semi-fluid part of the contents, along with any excess of fluid which 
has been swallowed, finds its way into the pyloric end of the 
stomach, and by the systolic contractions of the latter is propelled 
into the duodenum. This process continues for about 4 or 5 hours, by 
the end of which time the stomach is again empty. During all this time 
absorption of alcohol and minute quantities of peptone, sugar, and 
salts has been taking place. 

Arrived in the duodenum, the food encounters the secretion of the 
pancreas already called out by psychical influences via the vagus, and 
now increased by the action of the hormone secretin. Here digestion 
is completed, and as the food is carried along the small intestine its 
constituents are rapidly absorbed into the blood, or chyle. During this 
time certain bacteria, which have escaped the action of the gastric 
juice, are bus}' breaking up any carbohydrates which may be present, 
producing from them organic acids, which restrain the putrefaction of 
the protein constituents of the food that would otherwise be apt to 
occur. The fluid poured out by the glands of the small intestine in the 
attempt to neutralize tliese acids partly makes up for the absorption 
of water, and causes the contents of the ileum to remain fluid until the 
large intestine is reached. The absorption of the digestion products of 
]ur>tein, fat, carbohydrate, together with water, inorganic salts, and 
vitamins takes place in the small intestine. Beyond this point the 
pi (iducti(>n of acids ceases, and the rapid absorption of water causes the 
contents to assume a solid form, while putrefactive bacteria are able to 
grow unchecked, save by the products of their own activity. Vitamins of 
t iif Cf>inj)Iex made l>y microbes in the large intestine, pass out into the 
substrate and are absorbed. Finally the residue is expelled in the form 
I 'f f.eces, usuall}- from 8 to 24 hours or more after the food w'as swallowed. 

Ihc respective injluence of exercise and rest on the processes of 
digestion is tlisputcd. Beaumont, from his observations on St. Martin, 
came to the conclusion that gentle exercise aided digestion, and Helle- 
brandt and Miles, a hundred years later* agree, finding that moderate 
exercise before a meal increases the acidity of gastric juice; moderate 
exercise after a meal decreases it, and e.xhausting c.xercise before a 
meal seriously decreases it. The whole question is probably one of blood- 
supply. Gentle exercise, by increasing the rapidity of the circulation, 
may aid the secretion of digestive juices and stimulate the movements 
of the stomach. Severe exercise, on the other hand, by diverting much 
blood and nerv’ous energ}' to the muscles, may be expected to 
adverse effect. 

^ Amer. Journ. Physiol. (1932). 102, 25S. 
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On the whole one can agree with King Chambers, that the best 
employment after a heavy meal is “frivolous conversation," which 
keeps the heart active without making great demands upon the brain. 
Rabelais, Chaucer, and even Solomon may be interpreted in the same 
direction. 


Metabolism of the Products of Digestion of Food 

For an understanding of the principles of dietetics as applied 
in treatment a few paragraphs upon the metabolism of proteins, fats, 
and carbohydrates are essential. For reasons which later will become 
obvious we will start with the Carbohydrates. 

These enter the bloodstream from the lumen of the small intestine 
in the form of the hexose sugars, glucose, fructose, and galactose, If 
lactose gets into the general circulation as the result of the activity of 
the mammary gland during lactation, it is excreted by the kidneys. 

These sugars reach the bloodstream via the portal vein and it used 
to be stated that in health they were all absorbed by the liver and that 
the sugar in the systemic blood was not increased after a carbohydrate 
meal. This hypothesis was disproved as soon as it was j)ossil)lc to 
estimate the sugar in small amounts of blood, o-i ml. to i ml. instead of 
10 to 20 ml. and therefore to collect the blood at freejuent intervals 
after the meal. We now know that tlic histing value of the blood sugar 
varies from o-o8 to o-i2 per cent, and is the same in the arterial, 
capillary, and venous blood. 1 he sugar begins to increase in the blood 
within 10 minutes after a dose of glucose and a little later after a 
carbohydrate meal, and usually reaches a maximum after 30 minutes. 
This is about o-i8 per cent, in the capillary blood, say, of the finger, 
and about 0*15 per cent, in the venous blood of the arm vein. The blood 
sugar either returns to the fasting value within i hour or at the most 
2 liours, and the amount in the capillary and venous bloods is once 
more identical. The difference between the capillary and venous blood 
after a dose of sugar suggests that the sugar is being stored in th<- 
muscles of the limb. This is confirmed by the cxiieriments of Burn and 
Dale,‘ and Best, Hoet, and Marks,^ on a decapitated dog which had 
been completely eviscerated except for the liver. They found that when 
insulin and sugar were added to the defibrinated blood the sugar 
disappeared from the blood and was laid down in the muscles as 
glycogen. 

The mechanism by which the sugar is laid down as glycogen in the 
liver is not yet clear. Goldblatt showed that when sugar and insulin 
were given to young rabbits the glycogen was deposited in the liver, 

I Burn, J. H,, and Dale, H. H. {1924-25), /oiirn. Physiol., 59, 164. 

* Best. C. H., Host, J. P., and Marks, H. P. (1926), Proc. Hoy. Soc., London, 
Series B, 99. 32. 
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but showed that this only occurred in ven,' young rabbits. If, however, 
adrenalin was given to older rabbits simultaneously with the sugar 
and insulin, glycogen was then laid down in the liver. 

The path of fructose must be different from that of glucose, for the 
rise in blood sugar after 50 g. is not so great as after 50 g. of glucose. If 
the blood sugar rises more than 25 mg. it is believed that the liver is 
damaged. This suggests that the fructose is taken up by the liver as it 
passes through the portal veins in the liver and that only the excess 
appears in the peripheral circulation. Similarly galactose is rapidly 
converted into glycogen in the liver, but there is some evidence that the 
glycogen made from galactose contains 18 glucose units as against the 
12-unit glycogen made from glucose.* 

The belief that glucose, fructose, and galactose play different parts 
in the body is supported by the observation that the hypoglyccemia 
produced by insulin cannot be relieved by fructose or galactose, 
though glucose at once causes the disappearance of the symptoms. 

The carbohydrate eaten and absorbed is partly used for supplying 
the energy of the muscular contraction and any excess is in some way 
transfomu'd into fat, presumably in the liver, and then laid down in the 
fat depots, etc. 

'1 his docs not concern us here any more save to say that in the trans- 
formation, a good deal of carbon dioxide is eliminated and excreted 
by the lungs, thus raising the respirator}’ quotient. The carbohydrate 
use<l for the production of energy is transferred by the bloodstream to 
the tisMie which needs it and there it is oxidized to carbon dioxide and 


water, step by step by a series of enzymes and co-enz)'mes, involving 
thiainini' .tiid possibly riboflavine and nicotinamide. 

Ill the absence of insulin, tlic internal secretion of the pancreas, the 
sug.u ( aiinot be laid down in the muscles as glycogen and, in some way 
not mulerstood. the oxidation of the sugar is unable to proceed. 

In ilif absence of thiamine, the oxidation is only able to proceed as 
far as the stage of pyruvic acid and then ceases. 

llu’ end pn,>dncts of normal carbohvdrate metabolism are carbon 
dioxidt' ami water, and these can be very easily eliminated from the 
bod\’. Suim tinu's it is true that an intermediate product escapes into 
the bloo<l and is in part secreted by the kidney. For example, in violent 
muscular exertion some of the lactic acid, wliicli is an intermediate 


product of carboliydrate metabolism, gets from the muscles into the 
blood and, though it should be taken np by the liver and transformed 
into glycogen again, some of it is excreted by the kidney and so wasted. 
Also the kidney is involved in the excretion of pyruvic acid in beri-beri. 
In diabetes the kidney is involved in a twofold way. First it must 


1 Bell. (1935). Biochetu. Joutii., 29, 2031; (193G), 30, 2144. See also Stewart 
and Thompson. {1941), Biochein. Journ., 35, 245. 
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remove the excess above the threshold of glucose in the bloodstream 
and secondly it removes the acetone bodies which are due to an arrested 
metabolism of fat, because metabolizable carbohydrate is needed for 
the complete oxidation of fat and in diabetes the carbohydrate is not 
completely metabolizable. 


Fat Metabolism 

Fat is needed for four purposes; (i) as fuel, (ii) because it provides 
the necessary fatty acids for the manufacture of the lipines, e.g. 
lecithin, which form so indispensable a part of nervous tissues, blood 
cells, and other cells, (iii) as padding and support of organs, e.g. the 
kidney and (iv) for the beauty of the human figure. 

Sixty per cent, of the fat absorbed from the small intestine passes 
by way of the lymph channels (lacteolcs. lacteals, and thoracic duct) 
into the venous blood in the left subclavian vein. It thus avoids the 
liver on its first circuit of the circulatory system and may in part be 
laid down in the fat depots for later use. When pork fat is eaten, pig fat 
is laid down in the fat depots; when mutton fat is eaten, fat character- 
istic of the sheep is laid down in those depots.* Fat manufactured 
from carbohydrate has more of the nature of the fat that characterizes 
the animal eating the carbohydrate. The most modem view is that the 
hydrolysed part of the fat travels via the portal vein whereas the 
unhydrolysed fat, the missing 40 per cent., reaches the blood stream 
via the thoracic duct. After a meal containing large amounts of fat, 
the general bloodstream becomes milky and the liver contains an excess 
of fat, visible under the microscope and estimable by chemical analysis.* 

Almost certainly the lipines are manufactured in the liver and almost 
certainly fatty acids undergo many of the steps in their oxidation in 
the liver. Probably the fatty acids arc broken down by two carbon 
atoms at a time to form acetic acid and the next but one lower homo- 
logues. Thus it is presumed that stearic acid is oxidized via aceto- 
palmitic acid to acetic acid and palmitic acid. 

CiiHjsCOOH +02 ->CuH3iC0CH.^C00H +H20 
ftcarlc add acc to* palmitic acid 

CifiH.iCOCHXOOH f-H8O->C,t,H.„C00H f-CHgCOOH 

paluiitic add ac4.*tic acid 

This continues until butyric acid CHjCHjCHaCOOH is reached which 
is oxidized to accto-acetic acid, as in the parallel case of stearic acid, 
but then the mechanism breaks down if there be no carbohydrate in 

* This is not absolutely true. Schoeniicjmer. {1942). The Dynamic Stale of 
Body Coniiifuents, has shown that even in the fat depots, those apparently 
secluded parts of the circulation, an interchange continually takes place between 
circulating fats and dejJot fats and within the depots marked changes occur, 

* Sec I'KAZEK, A, C. (I95*>). I'ooi Man., 25, 23. 
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the liver or if there is no insulin present to enable the carbohydrate to 
burn the aceto-acetic acid. The latter either passes as such into the 
bloodstream, or is reduced by the liver to jS-hydroxybutyric acid.* These 
are excreted in the urine and in the urine the aceto-acetic acid passes 
spontaneously to acetone. This spontaneous change also occurs in the 
blood. 

The three substances, ^-hydroxybutyric acid, aceto-acetic acid, and 
acetone are called the acetone bodies. The acetone is excreted by the 
lungs and is noticeable in the breath as a smell of sweet apples. In mild 
cases of ketosis, the name given to the state when acetone bodies are 
being excreted, more aceto-acetic acid than j 3 -hydroxybutyric acid is 
present in the urine, but, in the moresevere stages, the jS-hydroxybutyric 
increases and forms about 70 per cent, of the total acetone bodies in 
the urine. 2 Very small amounts of acetone are present in freshly passed 
nrino, but they rapidly increase when the urine stands in a warm place 
owing to the spontaneous breakdown of the aceto-acetic acid. 2 

In any state wlien a large amount of fat is being metabolized without 
sufficient carbohydrate “to take care of it” a ketosis results. Such 
stages arc: 

(i) V’lu'ii tlie amount of carbohydrate in the diet is very small, or 
when the amount of fat in the diet is very large and only moderate 
amojints of carbolivdratc are eaten. 

(2^ When the patient is vomiting a great deal, e.g. in («) cyclical 
vomiting of cliildren, {b) toxic vomiting of pregnancy, (c) post-ana;s- 
tlu tic vomiting, and {d) vomiting in the course of zymotic diseases in 
rliildivn. 

(j) In se\ (Te ‘liabi ti s when sugar cannot be used for the burning of 
till' fatly acids. 

w 

Wliemwer, then, we want to check a ketosis W'e either give large 
amounts of cane sugar, fructose, or glucose by mouth or w’e make the 
blood sugar inon- a\ ailable by giving ijisulin. If necessary glucose may 
be injected intravenously. In the case of diabetes mcliitus w'c give a 
suit'jcient amount of insulin to ensure tliat the sugar is used. 

.\ dietctically prt)duced ketosis was otice used to alleviate epilepsy 
and i \>titi.s, but better methods are now employed. Sec p. 587. 


Prote in Metabolism — 

I 

The proteins are ahsofhed as amino acids and pass to the liver. If 
carboliydrate has not bi en taken at the same meal these amino acids 

‘ IIURTLiiY, \V, H- (1013) Lancet, i, 1160. 

- Kenn'.vw.w. ttiochem. Journ . 8, 355. 

3 I'OLIN. (\e)0-j).Journ. fUol. Chen;.. 3. 177. Hcrtlev, \V. H. he. cif. 
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arc used as fuel {exogenous protein metabolism};* if they are accom- 
panied by carbohydrate they pass to the tissues other than the li\'er 
and are transformed into tissue protein or into nucleo-protcin or into 
substances such as creatine and adenylic acid used in muscle metabol- 
ism (endogenous protein metabolism). 

In exogenous nitrogen metabolistn the amino acids arc deaminated 
in the liver and transformed cither into glucose or into fatty acid. An 
amino acid such as alanine will be transformed into glucose by a series 
of steps simply (probably much too simply) indicated thus; 

2CH3CHNHaCOOH + 2H20-> 

2CH3CHOHCOOH -I 2NH3-^C6H,oOo -i 2NH3 

lactic acid Klucoso 

More than half the nitrogen of the protein of exogenous nitrogen 
metabolism passes by this path. 'I he remainder passes by the fatty acid 
path to butyric acid; thence to aceto-acetic acid and if there be carbo- 
hydrate available to carbon dioxide and water. The ammonia formed 
by each deamination is transformed in the liver to urea, which passing 
into the bloodstream is excreted by the kidney in the urine. Thus one 
main product of exogenous protein metabolism is urea, ihc kidney also 
plays a r 61 e, for if healthy it is capable of either making ammonia or 
taking it up from the blood in order to neutralize the acids which have 
to be excreted by the kidney. When the kidneys arc damaged by a 
chronic interstitial condition it loses this power and the patient may 
develop an acidamia.* Two pathological products of exogenous protein 
metabolism are glucose and acetone bodies, as in severe diabetes. 

We have considered in a previous chapter in tlie section on acid-base 
equilibrium two other end products of exogenous protein metabolism- 
phosphoric and sulphuric acids. 

The bearing of all these considerations will become clear when we 
deal with diet in nephritis with ura-mia or with inability to excrete 
an acid urine and also when we deal with diabetes. 

In endogenous protein metabolism the body builds from amino acids 
such substances as creatine and purine bodies. Oddly enougli though it 
can manufacture these substances from amino acids it does not seem 
able to decompose them via the same paths by which it manufactured 
them. Thus some of the creatine when it has served its purpose in muscle 
contraction escapes into the bloodstream and is transformed into 
creatinine and excreted in the urine. And the purines, which can be 

1 It will be remembered tluit the distinction between endogenous and exogenous 
protein metabolism is not quite so clear as it once was. None the less the older 
and Bimpler account of protein metabolism is satisfactory for the purposes of 
practical dietetics. 

* I.INDEK, G. C. {1926-27), Quart. Journ. Med.. 20, 283. 
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syntliesized from amino acids and are used in the processes concerned 
in muscle contraction and in the manufacture of nucleoproteins, are 
transformed into uric acid when they are degraded and excreted. These 
purines, adenine and guanine, are oxidized by the liver through 
hypoxanthine and xanthine to uric acid and the kidney excretes them 
as urates in man, the anthropoid ape and the Dalmatian dog alone of 
the mammals. 

Two end-products of endogenous protein metabolism are creatinine 
and the urates. At the same time urea, sulphates, and phosphates will 
be formed, so that the whole of exogenous metabolism is not shown by 
the urea produced. As meat contains creatine and free and combined 
purine bodies, and tea, coffee, and cocoa have methyl purines in them, 
some of which the body oxidizes to uric acid, not all the creatine and 
uric acid in the urine represent endogenous metabohsm. Half of the 
uric acid excreted on a normal diet is exogenous in origin. 

The bearing on dietetics is as follows. The body in gout has difficulty 
in excreting uric acid. We therefore try to protect it from having too 
much to deal with (i) by forbidding all foods which are especially 
rich in purines, e.g. all foods containing many nuclei (sec pp. 537-^); 
(ii) by reducing the total protein intake of the diet and giving adequate 
amounts of fat and carbohydra^ 






CHAPTER XI 

NORMAL DIETETICS 



It is time now to sum up the preceding chapters of this book in their 
relation to the problem of normal dietetics. As has been emphasized 
earlier, there is no one scheme of diet which is perfect. In the first place 
we have not as yet reached finality in the subject and in the second 
we have to make so much allowance for individual idiosyncrasy that 
a hard and fast rule cannot be laid down. W'e realize that this gives a 
wonderful chance for the food faddist to find even experimental basis 
for his practices, but we would call attention again to the fact that what 
will suit one person should by no means be the rule for everyone. In 
suggesting dietary standards, as wc propose to do, wc bear in mind 
Atwater's dictum that a dietary' standard is only an indication and not 
a rule. 

The Number of Meals per Day. The practice of the human race vanes 
in different parts of the world. The Kaffir in the mines of South Africa 
prefers to work without food and takes one enormous meal at the end 
of the day. In the majority of countries with a civilization dating back 
only a hundred years or so it is the custom to take three meals a day. 
In the longer-settled countries the number of meals is often more. 
Moreover the times at which meals arc taken varies with the century 
and the country'. What man does or has done is no guide to the best 
number and nature of his meals, and appeal must be made to research. 

This has been attempted by Haggard and Greenberg' in the United 
States, a country with a settled habit of taking three meals a day. 
A conducing series of experiments upon laboratory workers, school 
teachers, children, and factory operatives showed that muscular effici- 
ency, earning efficiency in piece work and freedom from a feeling of 
fatigue and irritability were best obtained by a schedule of five meals 
a day, three of them the conventional meals and two smaller meals 
half-way in between. This work has been followed up by research in 
absenteeism and relation of food habits thereto. It was found that the 
careless, eat-between-mcals type of person showed much less absentee- 
ism than the meticulous follower of scheduled mealtimes; that ab- 
senteeism was increased by missing meals and that in a controlled 

' Hacoakd and Gheenuhrg. (1035), Diet, and Physical Efficiency. Vale 
University Press. 

Qyn 
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experiment when the missing of the meals was purposely schematized 
the absenteeism followed closely the missing of the meals. The English 
practice among the well-to-do conforms to this plan if we accept the 
growing habit of the mid-morning snack. Breakfast, "elevenses,” lunch, 
afternoon tea, evening meal correspond to Haggard and Greenberg’s 
schedule, but the authors make the point that the food consumed at 
the smaller meals should be of the "protective”^ t5^e. Otherwise if 
calorigenous foods only are taken at these meals, the appetite at the 
meals wlien protective foods are serv’ed vill be decreased and there will 
be a decrease in the consumption of such foods. If Haggard and 
Greenberg’s schedule be adopted the side meals should contain milk 
and fruit, or, say, the popular egg and cress and the tomato sandwich of 
afternoon tea in this country. 

Nature of Meals. W’c have already suggested that it is wise not to 
make any meal predominantly protein, fat or carbohydrate in nature — 
particularly is it unwise to separate the carbohydrate from the protein. 

In fact the advice we w'ould give to a person in any part of the world 
is to follow’ the general plan of diet adopted among the better classes 
in that coiintr}', but to sec that the protective foods are well repre- 
sented. ihe daily quantities of protective foods considered advisable 
are given in a preceding chapter. Make sure of the protective foods, take 
the usual diet of the laud and the first-class protein and the Calories will 
look after themselves. This plan should w'ork for ever}' adult ajid for 
every child in any part of the world. The only precaution that we 
would suggest in addition is that women should take rather more of 


the iron-containing foods than is customary. 

I h( eding of the vm- young is dealt with in a later section of this 
bunk. Ill plans there given are the conventional plans adopted by 
piL’diatrii luns to-day. but it does not follow that they are the last word. 
1 hilly years ago it was the custom to ke(‘p infants on milk alone till 
they were 9 months of age. Now it is customary to introduce them to 
nu^re solid foods, jiarticularly iroji-containing foods from the 4th month* 
or whi'ii a weight of 14 II). has been attained. .-Vrtificially fed infants 
neid a ,supi)leinent of iron mucli earlier. It will be remembered that 
spinach has falkn from the high position it held amongst dietitians in 
supplying iron, but other green foods have not been so deposed. 

One deh'iice made for tliis early introduction to a more varied diet 
than milk alone is that it produces a number of conditioned reflexes 
at a time when negati\’ism- is not well developed, upon w’hich reflexes 
a sound scheme of diet can I>e luiilt up later, ^^’e particularly commend 
the consideration of conditioned reflexes to those who have children 


1 I.e, containing mineral elements, and vitamin. 

2 See a later section of this book and Heaton. N., and Daynes, G. l-eediug 
Mother and Babies, (1050). Faber & Faber 
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to feed. By the time a child has reached the age of three it should be 
willing and able to eat most of the things which an adult takes. We 
know that there are some who advocate that breast feeding should be 
continued for a much longer period than is the custom in this country 
and we do not disagree so long as the child becomes accustomed, 
along wth such feeding, to take many of the solid ingredients of an 
adult diet. 

The transition from a wholly milk diet to the mixed solid diet of a 
child of three is a particularly difficult transition to make and we believe 
that many of the life-long dislikes — quite irrational dislikes of other- 
wise sensible people are the result of careless handling at this age. The 
transition should be slow and deliberate. Force should never be used. 
On the other hand obvious anxiety on the part of the parent that the 
child should eat the “right” thing is just as dangerous. It is fatally easy 
to play into the hands of a child's wish to put itself into the centre of 
the picture of its parents' solicitude and refusal of food is the trump 
card often played to that end.^ 

Further, wc may say that, although we have given advice later as 
to the types of food which may be used up to the age of three years, we 
do not mean to imply that these may not be changed as we get to know 
more about the feeding of the ver\' young. A good case could be made 
out for dispensing with any cereals, particularly the unmilled cereals, 
and replacing them with vegetables, particularly potatoes. Alternative 
suggestions to those appearing in this book are to be found in any 
modern book on paediatrics or reference could be made to srtggestions. 
based on the general advice given by the Technical Commission of the 
League of Nations.^ To-day we can be sure of diets which will produce 
a respectable result in feeding the very young but wc cannot say we 
know the best diet. 

The same may be postulated for children over the age of three. By 
that time the child may be put on the normal diet of the adult with 
the premise that the protective foods must be abundantly represented, 
that rich, highly spiced and indigestible dishes be avoided anil that 
stimulants such as tea and coffee be not given. 1 he objection to tea is 
that not only is its stimulant action useless to the young but that it is 
apt to decrease the amount of milk taken. To weak coffee made mainly 
with milk and to cocoa the objections arc by no means as great. Indeed 
these substances used as flavouring materials will often induce the 
young to drink milk which they might otherwise refuse. The rule of 


> Lii'I'Mann, quotwl by Hkicnnrmann. (1930). Amer. J. Dts. CAi/c/.. 40. i. 
writes “With all our wciglunK and measuring and all our rules an<l rcgidatjons 
as to when, where, what and how much to /ec<l children, we have succeeded in 
doing just one thing- we have taken their appetites away. ' See alsr> Ch.npter X\ 
ill this (>ook. 

\ . H. (1937)* l^radidouer. 139, O3. 
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feeding any child up to the age of puberty is to take care that the 
protective foods are well represented, use otherwise the normal foods 
of the British diet and leave the appetite to determine the energy value 
of the diet. 

At puberty the appetite increases, often enormously, but so long as 
the diet is kept plain and simple there is little fear of the child taking 
more than is necessary. Usually the demands of the appetite are met 
by an increase all round of the foods eaten, but where economy has to 
be considered there is apparently little harm in allowing an increase 
only of the foods which produce energy. Thus so long as there are ample 
jirotective foods, a diet which supplies milk, bread, butter, sugar, and 
jam ad lib. will probably j)roducc as good a result as one more carefully 
planned. ^ 

The adolescent girl should be encouraged to take iron-containing 
foods to an amount equal to or greater than that of her brothers. There 
is no reason to discontinue the fish-liver oils at this or at any other age. 

Diet for the Manual Worker. As the demand of the body of the 
manual worker is for more energy only there is little need to increase 
any part of his diet except tiiat which produces energy. There is 
practically no basis for the common belief that muscular work demands 
an increase of protein. Moat does not make for muscular energy. In 
fact, as we have seen, a high protein diet is wasteful in that so much of 
its pcdential ( alories are frittered away in the specific dynamic action 
of {>rot('in. I lure is, howi vcr, a case to be made out for an increase of 
two of the x'itamins, thiamine and ascorbic acid. 2 Manual workers who 
can rarr\- on witli their normal diet when on light work, have been 
Known to ilivelop beri-beri or scurvy on undertaking more severe 

wfirk, 

I .'UalK I .\tra jdiysical work automatically increases the appetite 
and so the food consumed is increased. If the diet is satisfactory' at the 
low level of intake it will presumably be satisfactory at the higher level. 
If, howeMT. it is a border line diet as regards its vitamins, or if the 
iiK leased appetite is satisfied with an increase of such foods as bread, 
l'a>tiy. suet piuhlings and the like, it is just possible that a siibavit- 
-nniiifjsis w ill result. Ihe soundest theoretical plan to meet an increase 
of piiysical work would bt‘ to increase the sources of thiamine and 
ascoibic acid as well as the carboliydrale and fat foods. Bacon, ham, 
and fortified bread as llie source of thiamine and oranges, tomatoes, 

* It was diftifiilt during Itn- war <if in^)- f„r the adidc'^ccnt to obtain sufficient 
calcium, owing to tlie s}i..riai;c o( milk and thec.se. The production under the 
.Ministry of 1 -ood <.f a coco.a-iUv..urod dried-milk food for adole.sccnts did some- 
thing to obviate this difticultv 

-Fox, !•. W. (1940). }'roc. ff.iiK MrJ. Off. .-J.ijoc . 10. March; (tO-nb 

I.ancfl, 63, 349, from observatinns on a verv lari;c number of Kaffirs working in 
the mines of Johanncsburi; cmin.ly denies this ns regards ascorbic arid. 
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watercress, etc., as the source of ascorbic acid, seem to be indicated. 

Diet for the Athlete. There is practically no agreement among 
athletes and their trainers as to what constitutes the best diet while in 
training. And until fairly recent days the theories of the dietitian were 
at variance with the practice of the athlete. The dietitian believes that 
carbohydrate is the prime fuel for muscular energy; the rowing men 
used to “cat enormous meals" (mainly meat) and then exercise in 
order "to work it into them,"' and cut down carbohydrate in almost 
every form. But tlie modern tendency has been towards a simple and 
more normal average diet of digestible foods taken at regular times with 
nothing in between meals. Potatoes are still taboo, though for no 
obvious reason except that of experience and prejudice. Other carbo- 
hydrates are by no means eschewed, indeed rowing men and other 
athletes now' swallow one or two tablespoonfuls of sugar just before a 
strenuous race. Experience scorns to show' that while this does not alter 
appreciably their performance in the race it docs obviate the exliaustion 


felt after it for the rest of the day. 2 

Theoretically, the best plan is to train on a simple and sufficient diet 
so that the liver and muscles have their full complement of carbo- 
hydrate, to rest well for a day or so before the contest on a light diet 
with plenty of carbohydrate to avoid any depletion of glycogen as the 
result of nervousness,’ and perhaps to take sugar, as described above, 
shortly before the race, 'rheorelically. too, wo should expect an in- 
creased need for thiamine and according to Abrahams' this vitamin 
does seem to enhance efficiency. There is no case to be made out for 
strict vegetarianism for athletes (it increases flatulence and therefore 
a tendency to “stitch”), but many long-distance cyclists claim that 
normal vegetarianism, which allows milk, eggs and cheese, is advan- 
tageous. Fluid shouhl not be restricted but. according to Abrahams 
“enough [water or at least a very bland liquid] should be permitted 
to make a meal enjoyable, larger (juantities may be taken when the 
stomach is empty; on rising, between meals, and on retiring. Alcohol 

is quite unnecessary for the athlete. 

Mental work influences the amount and nature of the food required 
in a very different way from muscular labour. It was once believed 
that the metabolism was raised by some 10 per cent, by mental work. 
But Atwater.-* in a careful experiment, came to the opposite conclusion. 


' Abkauams, a. ( 1934 ). Vraciitiontr. 133. 695. 

2 I’rivate communication trom Dr. C. M. Fletcher. The Everest climbers took 
the large amount ol 12 oz. sugar per day. Pugh. E.G. C. Journ. Nulr 13. 

60 It has the advantage over fat that it nee<ls less oxygen to oxidue it molecule 
for molecule. A rise in respiratory quotient from o-8 (which represents the 
oxidation of fat and protein prerlominantly) to 10 (when carbohydrate is burnt) 
is equivalent to a gain of 2000 feet at 20.000 feet. 

a op. cif. * U.S. Dept, of Agriculture. Bull. 44. 1897. 
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A man was confined in a respiration calorimeter for a number of days, 
and on certain of them he engaged in the severe mental work of reading 
a German treatise on physics. The subject of the experiment was an 
intelligent person, who fully understood the nature of tlie experiment, 
and did not shirk mental application. It was found that on the working 
days bodily waste was no greater than during rest. 

Benedict and Carpenter.* in their study of twenty-two young men 
during examinations, found their metabolism but very slightly higher 
than wlrcn they were performing an equal amount of work that required 
no mental effort. Grafe^ concludes, in reviewing the work on this 
subject, that intense mental effort probably has a positive influence on 
metabolism, but that so far there are too few experimental data to 
warrant a definite conclusion. 

The next point to stress is that there is no special brain food. Buchner 
gave utterance to the dictum, “Without phosphorus there is no 
thought. This is only true in the sense that the brain contains phos- 
phorus, and witliout the brain, thought, as we know it, is unthinkable. 
But it has never been shown that an increased supply of phosphorus 
in the food is specially favourable to mental effort, nor, indeed, has that 
been proved for anj- other food. It requires, of course, no special demon- 
stration that an ill-nourished brain is not one from which good work can 
be expected: for tlie brain, like every otlier organ, demands for its work 
an abundant supply of healthy blood, and there is, perhaps, no part 
of the body whicli is more sensitive to any impoverishment of that fluid. 
On the otlier hand, any over-supply of food must be equally unfavour- 
able to mental work. A large amount of food implies a large amount 
of work on the part of the digestive organs, and that, in its turn, 
unplii’s a large diversion of blood to the alimentary tract. But if more 
l>loo(l is required in tlie abdomen, there must be less left for the brain, 
and the ..etivity of the latter declines, as is evidenced by the feeling of 
lethargy which is familiar to everyone after a large meal. It comes, 
t uu. tu this, that the digesiihihly of a food is of far greater concern to a 
hrain uorktr than its chemical composition. Small and ratlier frequent 
meals of easily-digested food is the ideal to aim at. The necessity for 
this IS tlie more apparent when one remembers that brain w'ork is 
usuall\' also sedentaiy work. Compared with the diet of muscular 
labour, therefore, the diet for mental work should be small. The 
reduction sliould jirobably affect carbohydrates and fats more than 
protein, for it is the two former, as we have seen, which tend to 
be specially made use of as energy foods. The protein consumed 
should be derived to a large extent from animal foods, for these are 
its most compact and digestible source. Hence it is that it is far 

' Benedict and Carpe.ntek. (190.)}, U.S. Dept, of Agriculture. Bull. 208. 

^ Urgeb. der Physiol. (1923), 21, Part 2. i. 
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easier for a man who is performing bodily labour to be a vegetarian, 
than for one who is engaged in mental work. Whether an abundant 
supply of protein has, per se, an actually stimulating influence on the 
brain must be left undecided, though such a \dew is not without its 
supporters. 

Rest, as is implicit in the paragraphs upon basal metabolism and its 
relation to total metabolism, requires much less food than work. As we 
have seen, the basal metabolism of an average man is 1680 Calories per 
day. This could probably be covered by an intake of food yielding 1900 
Calories or at the most 2000. This is a fact of great value in medicine. 
We can cut down the work, not only of the alimentarj^ tract, but also 
of heart, kidneys and lungs by 33 per cent, simply by putting the 
person to bed. It explains, too, why it is that it is so much more easy 
to fatten a patient when at rest in bed than when up and about; for 
in the former condition the demand both for heat and energy is greatly 
lessened and any surplus of supply can be diverted to laying down of 
fat or producing growth. It is notorious that a time in bed induces 
growth in children. The food given during a rest in bed sliould be of the 
same nature as that adopted for mental work: simple, digestibU*, an<.l 

given frequently, in small amounts. 

The dietetic requirements of old age are just the reverse of those of 
childhood. The assimilative power of the cells is on the wane and the 
bodily activities arc restricted, hence less food is required. 1 he danger 
of overfeeding the old is almost as great as that of underfeeding die 
young; an excess of nourishment chokes instead of feeding the flickering 
flame of life. Leanness and longevity go together, and a man will 
roll all the faster down the hill of life if his figure be rotund. “Discerne, 
says Bacon, “of the coming on of yeares, and think not to doe the same 
things still, for Age will not be defied," and one cannot with impunity 
continue to “doe the same things” in matters of diet any more than in 


anything else. 

The problem is to know how much to take and when old age may *c 
considered to start. The basal metabolism of a number of nicai of an 
average age of 80 was only 10 per cent, below the normal.* 1 Ins ligiirc 
gives us but little guidance to the total metabolism of old men because 
of the lessened muscular activities of the aged. Figures quoted in earlier 
editions showed 2149 as the Calorie intake, or about 30 per cent, less 
than the average man. And this figure is being adopted in recent wor 
concerning the Caloric intake of Britisli families and may well form t ic 


tentative basis of any future work. 

As regards when old age begins it is difficult to say. Judging from t le 
failure of eyesight and the onset of the menopause old age begins a lout 
45. Tissue metabolism is at its highest point in very early life, so 


> Du Bois, op. cU.. p. 152. 
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perhaps we may date senescence from 18 months! The curv'c of basal 
metabolism falls slowly from its figure of 40 Calories per square metre 
at 21 years to 35 or 37 at 70 years. In other words, the transition from 
the metabolism of youth to that of old age is a gradual and insidious 
process and our food intake should, ideally, in its transition be as 
gradual. Othenvise obesity is apt to descend upon us as we give up our 
exercise and resign our bodies to the arm-chair and the motor-car. 
The fact is that if we are temperate and never continue eating when 
hunger is satisfied we shall insensibly adjust our intake to the needs of 
the body. 

Luigi Cornaro is one of the most eloquent advocates of temperance 
in old age. “It cannot be urged too often,” he writes, ^ “that when the 
Natural Heat begins to decay 'tis necessary for the preservation of 
health to abate the quantity of what one eats and drinks every Day; 
Nature requiring but very little for the Support of the Life of Man, 
especially that of an Old Man.” He tells us that he ate only 12 oz. of 
solid food daily, consisting chiefly of bread, wine, broths and eggs, 
veal, mutton, partridges, chickens and pigeons, and some kinds of fish, 
such as pike, for “all of tliese aliments,” he adds, “are proper for old 
men.” His system was certainly justified by its results, for he is said 
to have lived to be a hundred years old. 

Woman requires less food than man. Her maximal rate of output 
of energy is smaller than man’s. Her basal metabolism is lower. We 
should therefore expect her total metabolism to be smaller and observa- 
tion confirms this expectation. Whereas Lusk allows 2500 and the 
Terlmica! Commission of the League of Nations allows 2400 Calories 
pi r (lay, the average figure for English women is, as we have stated 
above. 2200 Calories. 

\\V ha\'o no iiarticular recommendations to make concerning the 
(li' t of women sa\'e that there is no need to depart from the general 
prinriple of niaking sure of the protective foods. Woman probably 
needs as much of these iis man. She needs rather more iron-containing 
htods than man, aiul generally speaking her food should be more 
digcstil)le. 

Pregnancy and Lactation. Probably more data on the necessary diet 
for these two states has been acquired in the last decade than on any 
other dietetic subject. This is very desirable in \’iew of maternal mor- 
tality, which, almost undoubtedly, is influenced b)' diet. Some rather 
crude experiments in the depressed areas of Wales^ seemed to show that 
better feeding reclucd the maternal mortality by 66 per cent, and 
the infant mortality by 50 per cent. The work was extended and 

1 Sure and Ctrtain yUtho^h of Atlaining a Long and Healthful Life, translated 
from the 4th edition; London, 1727, 91. 

2 Lady (Rhys) Williams. (1038), Lancct.i, 204. 
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confirmed six years laterA Further confirmation came from Toronto, 
Canada, in more carefully controlled work. 2 

There is evidence that the diet of pregnant women should be quan- 
titatively and qualitatively different from that of the non-pregnant 
woman. 3 Quantitatively the diet is altered by a small but undoubtedly 
significant increase in the intake of all foods. ‘ Thus in Great Britain 
where the income, less rent, per head per week was over 15s. the 
Calorie intake was on the average about 2500 Calories per day as against 
the 2100 for non-pregnant women. There was an increase in first-class 
protein, calcium, iron, and presumably the vitamins as the social scale 
is ascended. In no case, however, do the average intakes of the calcium, 
phosphorus and iron reach the levels wliich experiment suggests arc 
essential. McCance and his colleagues estimate that the daily intakes 
should probably be of the following order: Calorics 2500, protein 9® S > 
calcium 1-5 g., phosphorus 2 g., iron 20 mg. In the well-to-do classes 
they found that the actual intakes were: Calorics 2500. protein 80. 
calcium 0-94, phosphorus 1-45 g., total iron 14-4 mg. (inorganic iron 

10*8 mg.). . , 

Perhaps the best way of indicating the qualitative differences which 

should be aimed at is to give the recommendations of the Institute of 

Gynaecological Research (University of Pennsylvania).'* 


Non-pregnant Women 

1 pint of milk per day. 

1- 2 servings of leafy vegetables. 

2- 3 .. .. other 

1-2 „ .. fruit. 

3 slices bread. 

I serving meat or fish. 

I egg- 

1-2 oz. butter. 

Vitamin concentrates as ordered by 
physician. 


Pregnant Women 

2 pints of milk. 

2-3 servings of leafy vegetables. 

2-3 .. other 

(i or 2 of citrus fruits). 

3 slices or more (whole grain pre- 
ferred). 

Meat or (isli as ordered by physician. 
1 egg. 

1-2 oz. butter. 

Cod-liver oil or vitamin A, thiamine, 
and D. as ordered by physician. 


The comparison in proximal principles or nutrient ' elements works 
out somewhat as follows: 


> Balfour. (1944). Lancet, i, 208. 

* Ebbs, J. H.. et al. (1942)- 

3 Kami IN R II I (1052). CaMc*'/. 1. 64. claims that cclamptic fits and deaths 
1U.VC bSI'^icd •’alm.S to zero in the Crown Street Sydney. Hosp.tal by 
(among other simple measures) the insistence on a high protein, lugh vitamin 

low carbohydrate diet. 

* McCance, Widdowson. and Verdon-Roe. (1938). Jonrn. Hygiene., 38. 

6 MURMIV and Bowes. (I 939). Amer. Journ. o/Obsl. and Gynac.. 37, 460, 
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Non-Pregnant Women 
Calories . 2000-2600 


Protein . 

Calcium 

Phosphorus 

Iron 

Vitamin A 
Thiamine 
Ascorbic acid 
Vitamin D 


. I g. per kilo body 
weight. 

. o -55-0 -68 g. 

. I *06-1 *32 

. 15 mg. 

. 6000 

. 300 

. 300 (?6oo) 

. 400 


Pregnant Women 

2000-2600 for first three months. 
2400-3000 „ second ,, „ 

Decrease to 2000 or 2200 during 
the last three months if the gain 
in weight is abnormal. 

I g. for the first three months, then 
rising to 1-5 g. 

I 0-2 o g. 

I- 5 - 2-0 g. 

18-20 mg. 

More. 


»$ 


$» 


These recommendations are by no means impossible of achievement. 
Several of the women investigated by McCance, Widdowson and 
Verdon-Uoe either achieved them or came near to them. Significantly 
enough nearly everyone who did this belonged to the class with over 
40S. per week per head after making deduction for the rent, i.e. be- 
longed to the wealthy or intellectual classes. Such a diet is not cheap. 
Because of the large amounts of vegetables consumed, it takes time in 
preparation. One criticism we make of the diet is that cheese is un- 
represented. It might well replace some of the milk, meat or fish. 
Another is that the protein is too suddenly increased. Increases of all 
foods sliould be gradual. 

Diet for lactation should follow the lines of diet in pregnancy, but 
tlie cnici-im should be increased. 

I ho ( .1 nates of the National Research Council of the U.S.A. arc 
as follows 

Pregnancy (during the latter half). Calories 2500; proteins 85 g.; 
calcium 1-5 g.; iron 15 mg.; vitamin A 6000 I.U.; thiamine 600 I.U.; 
riboflaviue 2'5 mg.; nicotinic acid 18 mg.; ascorbic acid 100 mg.; 
\itamin I), 400-800 I.U. 

Lactation. The Calories are raised to 3000; the protein to 100; 
calcium to 2 g.; vitamin A to Sooo I.U.; thiamine to 2 -3 mg,; riboflavine 
to 3-0 nig.; nicotinic acid to 23 mg.; ascorbic acid to 150 mg., while the 
iron and vitamin D are left at the pregnancy value. 

Diet for Different Climates and Seasons 

The influence of climate, and especially of a warm climate, on the 
amount of food required is commonly exaggerated. It seems natural 
to suppose that, if the surrounding temperature is high, the amount of 
heat required to be produced in the body will be less. But this is to lose 
sight of the fact that the temperature of the body is chiefly regulated 
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by physical, and not by chemical, means. To put it more plainly, we 
adjust the temperature of our bodies not so much by means of increas- 
ing or diminishing the amount of heat we produce, as by the simple 
expedient of regulating the amount of heat lost, i.e. by altering the 
amount of clothing and the ventilation of rooms. 

Heat and life, as has been already pointed out, are inseparable. 
Whenever work is done, as when the heart beats, not all the energy 
obtained by oxidizing carbohydrate is utilized in doing that work. 
Some — and it is an amount equal to two or three times that of the work 
done — has to be wasted. Now, thanks to the fact that we wear clothes, 
our bodies live in an atmosphere of about 90° F. — that is to say, in 
what is practically a tropical climate. Despite the fact that our immedi- 
ate surroundings have very nearly the temperature of the body and 
therefore the tendency to lose heat is low, we have to get rid of licat 
because heat produced by the activity of tlie cells in the body in just 
living is more than enough to keep the temperature normal. So we have 
to lose heat. This means that, even in a temperature of 90°, we must 
constantly waste heat. As the external temperature rises, the heat lost 
by the body, because it is at a higher temperature than its surroundings, 
becomes less and less. Consequently there is still greater excess of heat 
to be got rid of. One can adjust the balance either by doing less work, 
eating less food, or by increasing the loss by wearing thinner clothes 
and increasing ventilation. It is fairly clear that, supposing ones 
dietary is an average diet, it is a sounder policy to increase the loss of 
heat rather than to decrease its production by eating too little food. In 
harmony witli this, one finds, as a matter of fact, that the consumption 
of food by well-to-do inhabitants of the tropics is not notably less than 
that of those who live in the temperate zone. We find, too. that basal 
metabolism is not much altered in tropical countries. It falls m Euro- 
peans living in India by 5-6 per cent.' A few days in the hills raises it 
again. Muscular effort in the tropics must therefore entail but a slight 
decrease in the amount of food necessary in a temperate climate. 

But it should not be the same food as there are good reasons for a 
deliberate change of dietary regime to suit tropical conditions. That 
people crave for different food or less food in hot weather or in the 
tropics is notorious. Appetite fails and is stimulated by recourse to 
violent condiments and alcohol. And it is here that considerations of 
physiology and dietetics may help in suggesting a diet for the tropics. 

First of all, we know that in hot weather the bloodvessels of the skin 
arc dilated to allow of greater loss of heat, and therefore brain and 
alimentary tract are deprived of their normal supply. Second, there is 
a fall of arterial blood pressure of some 10 mm.Hg possibly as the result 
of this vasodilatation in the skin. Third, if the temperature of the 

' Munrow, a. F. (1950). J . Physiol, ixo. 35O. 
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atmosphere rises to blood heat all the loss of heat must be due to evapor- 
ation of perspiration. Fourth, protein foods and notoriously animal 
protein foods provoke a production of heat of no avail for muscular 
ene^g}^ This heat has to be lost in surroundings hotter than the body 
and therefore by evaporation of perspiration. Fifth, the cooling power 
of the air depends on its percentage saturation with water vapour and 
its velocity, so that if the air is near its saturation-point and still, it 
is veiy' difficult to lose heat from the body. 

Putting all these facts together, we reach the conclusion that in hot 
climates the diet should be modified by greatly increasing the fluid 
intake to allow of profuse perspiration;^ by cutting do^vn the intake of 
animal proteins which have a high specific dynamic action and re- 
placing them by vegetable proteins which have a lower; by spreading 
the proteins over the different meals of the day to decrease the specific 
dynamic action and by using easily digested foods and avoiding those 
of high satiety value. 2 To transfer the dietary habits of temperate 
regions to the tropics is to court disaster.^ Much could be done by 
regulating the temperature of dwellings by refrigeration, ventilation, 
and air conditioning to render conditions of life more physiological. 
\\ hat is true of the tropics is true also, but in a less degree, of summer 
conditions in a temperate climate. 

Suppose, on the other hand, that one moves from a temperate to 
a colder latitude. The body will now require more heat to keep its 
tcnipcraliire up to the normal level and this is achieved by dirainisliing 
tlu- heat lost, mainly by an increase of clothing. If the external tempera- 
ture falls still farther, however, this method by itself becomes in- 
ade(|ii:ito, and steps must be taken to increase heat production; it is 
only t that it becomes advisable to consume more food. 


ih.nng tlio whole of our march," sa3's Sir John Franklin, in describ- 
ing his journejings in the Arctic regions, "we experienced that no 
(juantity of clothing could keep us wann while we fasted, but on those 
occasions on which we were enabled to go to bed with full stomachs 
we passid the night in a wann and comfortable manner.” Translated 
into ph\.siologicai language, tliis means that the demand for heat in 
the hod) was so groat tliat it could no longer be met bj' diminishing 
loss, but that the deficit had to be made up by an increase of heat 


» Because of the loss of ^tuin ciUoride in the perspiration it is advisable that 
slightly lilted water be drunk instead of plain water. Deprivation of sodium 
chloride IS known to lead to cramp of the musclc.s. See also MoRTON. (1932). 
Proe. Roy. Soc. Med.. 25, I’Oi. ^ ” ' 

a Inquiry of dietary habits among the well-to-do in India shows that these 
suggestions arc by no means adopted. 

3 Nor must the influence of water be forgotten. A dry climate, even that of a 
Canadi^ winter, is desiccating. A five per cent, loss of one’s 42 litres of water 
wuscs discomfort; 10 per cent, is disabling and 25 per cent, lethal. H.^rvev. 
G. R.. and McCance, R. A. (1954). ^>^oc. Nuir. Soc.. 13. 41. 



DIET FOR DIFFERENT CLIMATES 235 


production, i.e. by a greater consumption of food. The blood supply to 
the skin is cut off to conserve body heat when there is too little food 
and a man feels cold. Extra food enables the skin to have blood and the 
man feels warm. ' 

What form the increased consumption of food takes is, comparatively 
speaking, of little moment. All that is really necessary is that the 
number of Calories which the diet is capable of yielding should be 
considerably raised. As a matter of convenience, however, and in order 
to avoid overfilling the stomach, it is best to have recourse to fat as 
the principal source of the extra heat required, for fat is the compactest 
form of fuel we possess. Carbohydrates would serve the purpose equally 
well so far as the cells of the body are concerned, but one would require 
to consume more than twice as much of them as of fat in order to 
obtain the same amount of heat. Besides, in very cold latitudes carbo- 


hydrates are not so easily obtained as fat. 

The influence of seoson on the amount and quality of food retpure 
is similar in kind to the influence of climate, though less in degree. In 
summer, clothing should be diminished rather than food, in winter, 

warmer clothing should be worn. • ■ • * 

In hot weather the inclination is to cat less food, and if this insUnct 
is followed there will probably be a loss of weight. If the normal winter 
diet be taken in disregard of the desire for food, the body-wcig 1 is 
maintained, but indigestion may result. The probability is that w nc 
the amount of food taken should yield approximately the same nurn cr 
of Calories, the nature of the food may as well be altered in the irec ion 
the appetite suggests. Thus, hot beef-fat is repulsive in hot weat ler, 
especially with the usual accompaniments to roast beef, baked poU oes, 
and Yorkshire pudding; but cold beef with its fat intact servec wi i 
a salad and a French salad dressing, yielding just as many Calories, is 
appetizing. Amounts of fat which would api>ear impossible to consume 
as hot mutton-fat are quite palatable and digestible in t le orm o 


butter, cream, or ice cream. 

Probably too there should be less animal and more vegetable protein 
consumed, and the protein not concentrated into one meal as is too 
often the custom. The specific dynamic action of protein s u>u c )c 
remembered, and the animal protein taken at a time when that action 
causc*s least trouble. A heavy meat meal at noon will be sioNung 1 s 
specific dynamic action in the afternoon at about 3-4 p.m., i.e. t ic ime 
when the day is apt to be most oppressive. Unless the nights are hot, 
meat at the evening meal is not amiss. On the whole the genera rii t is 
that animal foods should be more sparingly consumed in summer, ami 

1 It is questionable il Scott's rations on his last ooo*! 

rations on the Falkland Islands Dependencies, I 95 ^' Proe 'vkO 

protein no, fat 250. carbohydrate 300 g. Drrtram. C. G, (U 54 ) 


Soc., 13, 69. 
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the proportion of vegetable matter in the diet relatively increased. The 
demand for hot foods and drinks in cold weather and cold foods and 
iced drinks in hot weather has more psychological than physiological 
or instinctive basis. A litre (i| pints) of iced water will subtract but 
37 Calories from the body and an equal quantity of a hot drink, 
swallowed at 45 '’C., will add but 8 Calories. Such amounts are a 
bagatelle. 

Influence of Personal Peculiarity. There is a wdespread impression 
that some people can "get on" with less food than others, even though 
they are living under identical external conditions. There are those of 
whom it is said that their food "does them no good," while there are 
others who without eating much put on weight. There is ample evidence 
of this from work already quoted: that on the intakes of 63 men and 
63 women. ^ And there is still more evidence in Dr. Widdowson’s 
observations on the food intakes of over 1000 children. At any age there 
are children taking twice as much or more of some proximo principle 
of diet than others at that age. Nor will the high or low intakes appear 
to be related to stature, weight or health. This observation has troubled 
the dietitian and is still troubling him. 

That there is a norm of weight corresponding to height and age is 
clear from the data of insurance companies, and a marked departure 
from the norm (saj^ over 10 per cent.) is viewed with suspicion by their 
medical officers. There is evidence from insurance statistics that it is 
better to lie overweight than underweight in the twenties and under- 
weight than overweight in the forties and later. 

I he majority of people, who do not have to trouble about their 

figure, have an astonishing power of regulating their body-weight. 

hor example, as Du Bois has pointed out, a man at 40 years of age may 

weigh exactly to within a pound or two what he weighed at 20.2 The 

t):tlance of intake and output has been adjusted in his case over the 

twentj' years to an ernir of less than 0-05 per cent. Supposing that he 

were to lay down and not c<jmbust over that period 8-9 g. of fat per 

da>' (tlie e(iiiivaient of a smaU pat of butter) he would double his weight 

in twenty years. Some method of regulation of body-weight must 

jirev<'nt such an appalling catastrophe and the wonder is that so few 
people are obese. 

Ihe mode of control is still obscure. It is possible that bodyweight 
IS regulated by a))petitc. A well-fed person is more energetic than one 
underfed and possibly consumes the extra food he has taken in the 


i^ygiene. 36, 269; Wionowsox. E. M.. and 

McCance, R. a., tftjrf.. 36, 294, ^ . . 

“ Marr^k, J. R (19 t-i). Food avd Planning, reports the same of himself, and 

one of us J\ H. M ) can confirm the statement for his own bodv for about forty 

years while the other (C, (,.) eats consideraldv less in order to avoid gain of 
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output of extra energy. Moreover, the specific dynamic action of food 
rises if there is a surplus and the excess of combustible material is got 
rid of in this way. On the other hand, an underfed person restricts his 
activities and so adjusts his output to his intake. If this underfeeding 
continues the food which is taken, particularly the protein, is utilized 
in the renovating of depleted tissues without evoking any loss due to 
specific dynamic action. In the normal person there would be an in- 
creased appetite which, when sufficient food beaime available, would 
repair the losses due to previous under-nutrition. 

We have to remember, too, tliat there is an interplay of the endocrine 
glands. Excess of tliyroid activity leads to a lowering of the body- 
weight; defect of activity to an increase. Defect of pituitary activity 
unbalanced by an increase of thyroid activity may lead to a gross 
deposition of fat. Islets of Langerhans in the pancreas* and the cortex 
and medulla of the suprarenal also control metabolism, and the inUi iial 
secretions of the gonads apparently influence it as well. Some, if not 
all, of these endocrine tissues arc under the control of the central 


nervous system. 

As a working hypothesis we may assume that tlie regulation of 
intake and body-weight is carried out by means of a complex mechan- 
ism in which appetite, specific dynamic action of food, the endocrine 

organs and the nervous system are all involved. 

If we accept bodily activity as an index of the irritability of tiie 
nervous system we can sec svliy it is that some people need a greater 
intake of food than others. In a series of observations reproduced in 
the Food (War) Committee's report, the Caloric intakes of three boys, 
one very active, one active and one very quiet, are shown. A reference 
to Fig. II will show that the very active boy at 15 years of age Liking 
double the amount which the very (piiet boy takes and one and a lialf 
times that taken by tlur active boy. The influence of the nervous make- 
up of the boys considered is obvious. 

Pavlov considers from his study of conditioned reflexes m his animals, 
and in the large central group of well-balanced temperaments there 
are to be seen the “phlegmatic" and the "sanguine. « Ihe one is 
(luiet self-contained and sedate, tlie other lively and active, f we 
translate these observations on dogs to man we can see how the lively 
"sanguine" temperaments will need more food to maintain body-weight 
than the quiet "phlegmatic" temperaments. In fact, the explanation 
of the obsi rvation of the opening paragrajfli of this section lies probably 
in temperament or inherited constitution of the nervous system, 


1 The fhlcrly diabetic is frequently overweiglit at the beginning of the di.sease 
aiid the young dia1>etjc on insulin usually takes considerably less than 2500 
Calories per day and yet maintains his wc|ght. 

* pAVi-ov. (1928). Lectures on Conditioned Reflexes, 37O. Martin J.a\vrence. 
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coupled with the possibility that the difterences in intake and output 
are due to differences of weight, build, shape of body and occupation. 
The declining activity of body when middle age is reached probably 
accounts for the increase in weight commonly obseiA'ed at that time. 
The body has become accustomed to a large intake to support the 
demands of youth and is loath to give up its food habits although 
activity no longer demands such an intake. Du Bois calculates that a 
decrease in activity comparable to walking miles per day might 
result in the deposition of nearly § oz. of fat per day, or 7-61 lb. in a 
year. 



Fig. it. C.\lorie Int.^ke of Boys of Different Activities. 


\\c may take it that indi\-idital make-up (nervous and endocrine) 
docs e.xplain idiosyncrasies of food intake. Tliis warns us of the dangers 
of dogmatism in mattt rs of diet. W’c can and may lay dowm rules as to 
the kind of amount of food rc(|nired in different circumstances for the 
average person but we are treading on dangerous ground when we 
come to apply these rules to indi\ idual cases. In the matter of diet every 
man must, in the last resort, be a law unto himself; but he should draw 
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up his dietetic code intelligently, and apply it honestly, giving due heed 
to the warnings which Nature is sure to address to him should he at 
any time transgress. 

Psychology and Diet. In the last paragraph a statement has been 
made which might open the way to every food fad from the days of 
Genesis to the present day. It comes perilously near the motto of 
Theleme in Rabelais: "Fay ce que vouldras" or "Do what thou wilt. 
Although the subject has been lightly dealt with in the opening chapter, 
itmust be discussed again. The problem is: how far is dietetics a rational 
subject and how far the private psychologies of individual people can 
upset and should be allowed to upset its principles. That the origin of 
food habits is largely psychological has been pleaded at length by 
Renner— and also that it is rightly so.^ It is this view which must now 
be questioned. 

There are two definitely opposed schools of thought on this subject. 
The one maintains that instinct is a guide® towards the food needed. 
The other school, on the contrary, believes that a man's choice of food 
is not governed by instinct but by his upbringing. For convenience we 
may call the two schools the Lloyd and the Pavlov schools after their 
chief exponents. The Lloyd school says that food which you like is 
beneficial to you. Expanding the ambit of this thesis, it holds that 
choice of food is governed by instinct, and as instinct is fundamental, 
that such a choice is natural. The Pavlov school insists that food habits 
are the result of conditioned reflexes. That is. we are born only with 
one food reflex, i.e. of sucking milk and that all the other food reflexes 
arc acquired and built upon this one simple innate reflex. Consequently 
food habits are the result of upbringing, the adult who likes and eats 
all foodsteing well educated and the one with violent likes and dislikes 
being badly educated. Furtlier corollaries are that such likes and dis- 
likes are a bar to sound principles of dietetics and that the only con- 
ditioned reflexes a person should have towards food are those of eating 
it, 3 masticating it. salivating on it. swaUowing it and digesting it. Ihe 
Lloyd school encourages food likes and dislikes; the Pavlov school 

Now everyone would prefer the Lloydian school to be correct. It 
supports one's natural (or unnatural) weakness for this, that and the 
other food or drink. It makes one feel a fine fcUow in insisting, say. on 
pepper from a pepper mill rather than a caster, or on a dry wine with 
the fish and meat courses and a sweet wine with the dessert, or on the 
order of the courses of the modem international dinner.* One feels that 

I Kenner. (»944). The Origin of Food Habits, Taber & Faber. Ixjndon. 

* Though -surely not an infallible guidcl 

3 Terhapa the person who niaintains that all food is good, but tliat some >s 
U-ttcr than another, would be tolerated by the rationalist school of dietitians. 

* See Food and the Family. Chapter 9. by V. H. Mottram. 
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one is following the dictates of instinct and that one is in harmony 
with the great purposes of Nature. 

In favour of the Lloydian school there are sundry vague beliefs 
which rarely bear investigation plus, it must be admitted, some sound 
observational work. We are told that dogs eat grass to make themselves 
vomit when the alimentar}'^ tract is disturbed; that deer and cattle 
walk miles to a salt lick, and that ponies in the salt mines of Cheshire 
lick through the walls of their stables; that animals deprived of 
adequate phosphorus in South Africa gnaw the bones of their dead 
comrades (and die of a form of botulism!). All these are observations on 
animals and iiavc little to do with the case, for in man, with the dawn 
of reason, it is contended that instinctive guidance declined, and though 
animals may be guided by instinct in the choice of food (but sec below), 
man is not necessarily so guided. Besides, the salt lick story and its 
supposed foundation on the need for sodium in cattle on a diet too rich 
in potassium, has been very shrewdly and justifiably criticized by 
Stefansson.* The Lamsickte of South African cattle can be ex- 
plained by a euphoria produced b}' eating bones; and the fact that 
horses and sheep in those parts of South Africa do not gnaw bones, 
though lacking phosphonis, hardly supports the guidance of the cattle 

bv instinct. 

• 

Turning to human beings, it is said that the pica, i.e. desire, sudden 
and inexplicable, for unusual foods shown by pregnant and lactating 
women, that the passion for sugar evinced by children, that the loathing 
for tinned foods on the sides of E^’ercst, are an evidence that instinct 
is taking a hand and guiding the human race to the right choice of 
fooi ’I Ik; characteristic of pica in human beings is its utter irration- 
aht; ' . .e passion for sugar in children is a passion for strong and lasting 
pit a.'., -It sensation and is by no means invariable and depends largely 
on upbringing. Children who have not suffered under a Puritanical 
reginif art' not particularly keen on sugar — at least that is the fact 
with the children of one of us. The observation on mountain 
ditnhors are not germane. Modern dietetics no longer frowns upon 
tiniietl goods, finned foods are not “bad for you," and avoidance of, 
or hatred for, tinned foods at high altitudes is not, therefore, an instinct 
towards dietetic sanity. Besides, one result of low bloodsugar and want 
of oxygen at high altitudes is an irrationality and fickleness of desire. 
Finallj" it is customary to quote that astonishing American experiment 
on allowing babies from (j months onwards to 18 months to choose what 
they would to cat as evidence that what babies fancied, did them good. 

* StefaNSSON, V. Adventures in Diet. 

- As an aside, is it not fair to say that in view of xerophthalmia, beri-beri, 
pellagra, scurvy, rickets, osteomalacia, chlorosis and osteoporosis, instinct has 
made a bad miss in guiding human beings to the goal of sound diet? 
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It did. But the babies were allowed to choose only from protective 
foods. Their choices followed no pattern nor order, nor was there any 
invariable sequence followed, upon which could be based a scheme of 
dietetics for the toddler, let alone for older children and adults. A bab\ 
might one day choose to eat four or five eggs only for its evening meal, 
at another time the choice might be liver followed by a pint of orange 
juice. We simply do not know what their choices would have been if 
cream buns, cakes, ice cream, fried fish and pickles had been on the 
menu. The experiment merely tells us that if one s fancy roams among 
the protective foods one comes to no harm but, rather, to goo . 

The only sound experiments concerning man in support of the 
Lloydian hypothesis we have come across are those by Car son on 
Vlcek, the Bohemian laboratory assistant, who had a surgically made 
gastric fistula in consequence of a boyhood s mistake in ^ nn ing 
caustic soda, with a resulting occlusion of the (esophagus. ' ^ 

great liking for sweets, desserts and so on. with a dislike of acid or bitter 
foods. In the course of experiments upon his gastric juice it would bo 
found that when he had had a sweet course at the co egc ca e eri.i 
which he particularly liked, the digestive capacity of the juice secreted 
was high. If his lunch bored him. it was low. Similar observations wea 
made by the Pennsylvania School of Medicine on niedical students. 11 
the food were pleasant to eat, served daintily and in pUasan surroun 
ings, 50 per cent, of the students secreted more and stronger 
juice than when food was indifferently cooked, servec on c ^‘Pl 
china, on a newspaper for tablecloth, in a dismally ig » y ^ ‘ ' 

(Curiously enough, the other 50 per cent, were not a tc ec 

Now clearly, unless a man is a hyperchlorhydric already , jj* 

fancies is going to be digested better than what he does no • 

evidence so far extends only to gastric secretion, but it is pro la > 
of pancreatic, biliary and intestinal secretion and . ' 

digestion and absorption. Everybody must admit that foot s ^ 
fancies call out more and better digestive juices than iings ' 
dislikes. The moral, however, is not that one should ea on y 

likes, but should like what one eats. . , 

Richter in his Harvey lectures published in iy4J ^P ^ ’ 

experiments, mainly upon rats, which seem to sfio'y, A^invil^ with 

instinctive choice of the food which would benefit lem. i 
a diet low in phosphorus choose one with a high con en e 
the choice.* Richter, except in one to be mentioned later ^ ' 

an example which can he unhesitatingly acceptet am c. 

» Thia lias not bcun tlic cxpcriciuc oI i>lhcr workir^- <a 

KE.LEsand Day. (1930). The Sewer Knowledge „ ,0. 

I'ittsburgh, quoted by A. I.. lU. iiakacii. {. 95 ')- < >>'•" - ’ 
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explained on the grounds of a euphoria caused by eating the “right" 
thing. We have mentioned, cn passant,^ a series of illuminating ex- 
periments on the choice of foods by the laboratory rat. If you “run 
him out" of thiamine and then give him a choice of foods with and 
without thiamine, he will choose the food containing thiamine. But if 
you flavour the thiamine-containing food with cocoa and later transfer 
the cocoa to the food without thiamine, he is fool enough to transfer 
his affections also. He now eats a food which could do him no good. 
Instinct has not told him where the thiamine lies. He fancies the food 
which contains no thiamine. 

Between foods which contain or do not contain vitamin A he shows 
no certainty of choice. The explanation the exi>erimenters give is as 
follows. When an animal is “run out” of thiamine a chance choice of 
a food containing thiamine allows of recovery from sjnnptoms within 
a few hours. The animal “feels" better as a consequence of eating 
thiamine food. He has a euphoria just as a man has after taking a glass 
of beer or a dose of morphia. But the effects of vitamin A cannot be 
perceived so suddenly; consequently an animal cannot relate cause and 
effect and will eat food without vitamin A in it readily enough, though 
his body is deficient in A. Now it is quite likely that Richter's experi- 
ments can all be explained on the lines of producing a euphoria, a well- 
being of the animal which he associates \vith a particular food. 

J here is one exception. Experiments \rith children in Baltimore 
on giving them a chance of taking cod-liver oil showed {unexpectedly, 
siin ly) that they availed themselves of the clioice, but that later in the 
\ ear tlu'v droj^petl taking it. The assumption by Richter is that they 
\ilainins .\ and D, chose the food which contained those 
\ itamins and then when their stores were adequate, dropped it again, 
.diuh more infonnation is needed about the methods of carrying out 
this exjicrinii’nt, the pro\ ions histories of the subjects and the psycho- 
logical surroundings of the experiment, before it can be accepted as 
proving that instinct, or need, is a guide, an accurate guide, to what 
foods should be taken. 


Now tin* rase for footl habits being conditioned reflexes is based 
partly on l’avlo\- s observations on the alimentary' conditioned reflexes 
of dog.=: and on observations of anthrujiologists such as Stefansson and 
Margaret Mead on the habits of races with whom they have come into 
contact. Pavlo\' .and his colleagues ha\’e shown that the mere lapse of 
time may act as a conditioning stimulus. Animals accustomed to be 
fed every half-hour sali\ ate every half-hour, even if the food is with- 
held at that time. I he human being behaves in the same way, c.g. a 
patient treated for gastric nicer by feeding every half-hour with minced 
raw meat soon develops hunger contractions at half-hourly periods. 

> Harris, Cl.ay, H.argreaves, and \V\ri) iro.ld. /Vor. Roy.Spc. 113,31 
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People can train the large intestine to produce rush peristalses and a 
deftecating reflex at almost any chosen time in the day, so there is 

nothing sacrosanct about meal-times. 

Puppies brought up by hand on milk have to be taught to obtain 
a conditioned reflex for meat eating. This strange observation had been 
made by one of us before he came across Pavlov s work. Stefansson 
observed complete parallels with this in his sleigh dogs in the Arctic 
Circle independently of Pavlov. Dogs, brought up on fish, refused 
caribou or wild goose meat, but could be trained to eat them by 
methods similar to Pavlov's mode of building conditioned reflex upon 
conditioned reflex. One of us trained children to eat new foods by 
exactly similar means. Finally, Pavlov showed that even the vomiting 
reflex in a dog could be evoked by such a stimulus as preparing the skin 
for the subcutaneous injection of morphine or apomorphine. In inan 
we see an exactly similar reflex. Who, having been sick after eating a 
certain food, has not been nauseated by that food for a season after the 

incident, even for the rest of a lifetime? 

Scattered up and down in Stefansson's writings are example after 

example of the Pavlovan conditioned reflexes in man and dogs, al- 
though he could not have known of this work at the time. We quote 
the following from Stefansson’s Friendly Arctic (1912): 


■'A rule with no more exceptions than ordinary rules is that People like 
the sort of food to which they are accustomed. An 
that he can cat white bread every day, but that he 
cats it more than once or twice a month, while a ^ 

rice is an excellent food for every day but a w . world while 

herrings and potatoes make the best ol ‘ .. 

farmer likes pi^tatoes well enough but would balk at the herring. 


Margaret Mead in The American Clmracter (.944, Pengu m 1 ook ) 
makes a similar statement about Hunpr.an clnldren 
United States And we add to this the fact, mentioned before, hat 
Bengalee used to rice, will starve to death during a rice famme ratlier 
than cat the wheat imported by a paternal Government > Examples 
of the conditioning of children to food reflexes will also be found m 

Renner's book already quoted. . . , a- i 

The apparent excciitions to the generalization that it is education and 

not instinct which determines food habits are that appetite seems to be 


I l-'or confirmation ol the view, expressed above, 
Seriti 254. 


see St.It.C Special Report 
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some sort of a guide to Calorie need and, as already mentioned in the 
first chapter, that the Akiku5m women eat more of the calcium- 
containing foods than the men. 

It is difficult to admit that instinct plays much, if any part, in 
determining the food habits of man, and if this be so the need for early 
training to take a mixed diet with a large number of foods represented 
in that diet becomes paramount. To-day every country is very far from 
implementing the need for such education, but until it is so imple- 
mented the practice of a rational dietetics will limp along a road made 
difficult by inculcated or acquired prejudice. 

Economy in Diet. No consideration of diet is complete without some 
reference to economy. It is easy to devise a diet which shall be satis- 
factory if no regard is paid to its cost, but we have too frequently to 
prescribe for those whose pocket is not deep. Theoretically it is easy to 
estimate the minimum cost of a diet which shall give at least the 
minimum Calories, protein, inorganic elements and vitamins by the 
following procedure. Take the food which will give the protein ration 
at minimal cost; make up the Calories by the food which produce 
Calories most cheaply and then add any cheap food which will make up 
any vitamin or inorganic deficit. Such a diet will be found in 5 oz. 
clu’ese; 2^ lb. of bread; and some green food, such as 4 oz. cabbage, to 
make up the deficit of ascorbic acid, and one teaspoon of liver oil to 
gi\e N'itamin 1 ). The bread must be national or "fortified”, otherwise 
tlie diet woukl be deficient in thiamine. Such a "subsistence diet” 
would contain 1 13 g. protein (35 *5 first-class protein), 1 714 g. calcium, 
g. phosphorus, 18 mg. iron, 4585 I.U. vitamin A, i-8 mg. thia- 
mine, 5b mg. vitamin C and 700 I.U. vitamin D. Its cost on the retail 
inarki t in a town of over too , 000 inhabitants in 1945 was about is. 
per day or 7.';. per week. To-day it would be at least los. 6rf. per week. 
That is a figure which economists, social workers, and politicians must 
bear in mind. Any alteration of this impossibly dull and monotonous 
(lil t to make it a {■jossible and acccj)table diet will cost more. How much 
more is a (juestion for discussion. 

( Oinmittees of the British Medical Association have reported on 
this subject from time to time since 1933. In 1938 the cost for a family 
of man. wifi*, and three children of school age was 27s. 4irf. per week.* 

The.se reports have been widely accepted by the regional surveys 
made in such neighbourhoods as iicrse5-side, Bristol, and Southampton 
but tile rise in the cost of living since the last war have made them 
useless. 

Students of Kings College of Houscliold and Social Science (now 
yuecn Elizabeth College) worked out the minimal cost of an adequate 
diet for February 1944 in Leicester as follows: 

* ( 1938 ), Brit. Med. Journ., 1 , 1336 . 
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Child of 4 . 

.... 8 • 

Girl „ 15 • 

I^y „ 18 . 

Moderately active adult . 
Pregnant woman 

Fortunately these figures overlap in 
Meiklejohn.i His figures read: 

1942-3 convalescent adult 
1946-7 

1950 

1951 

*953 


. 5s. per week 

7s. 7f/ 

105. id. 

los. 9rf. .. 

• 105 - 3 ^^* " '* 

. 105 . >. 

time with estimates made by 


1 15. per week 
1 15. 6(/.per week 
165. 6rf. ,, 
195 . (yd. ,, ,, 
245. orf. ,, 


These figures are in agreement with estimates published by the King 
Edward’s Hospital fund. 2 The wholesale cost of purchase of an adequate 
diet is estimated at the lowest at 22s. od. per week and if chicken and 
frosted foods appear on the menus at 27s. od. per week. 

The principles upon which wc must proceed in building an economical 

diet are as follows: 

First. It is no economy, but rather the reverse, to stmt the protective 
foods. These are often omitted from the diet of the poor because they 
are supposed to be expensive. Relatively some of them are: e.g. milk 
and eggs. The price of milk, 6W. a pint for most of the year, is wc feel, 
high and we hope that as the milk industry is stabilized and ration- 
alized. this price wiU be brought do^vn nearer to the level of other 
countries. A lower price would lead to an increase of consumption. But 
even at the present high price milk compares favourably with the moats 
both for Calories and body-building purposes, wliile as a supplier of 
calcium and vitamin A it far surpasses them. Skim milk is procurable 

Cheese is a cheap food both for its calcium and vitamin A its body- 
building power and Calorics, It is a notable ingredient of he Os o 
breakfast and is used by the Toveruds in a maternity hospital in Oslo 
for obvious reasons. It would be worth while imitating this practice in 


this country in feeding the poor. • a i * / •* 

Butter again is a cheap food, not only for its vitamin A but for its 

Calories The middle classes pay as an average is. 6d. per 1000 Calories 

for their food; the subsistence figure is about 8d. per 1000. Figures 

quoted above give the cost per 1000 Calorics in 1953 as from i.s. ^d. to 

1 Mbiklejohn, a. I*. (i95'4)- i-aticel, 1 , 1284 . 

* See I^ncel. (i954). 2. 34>- special pamphlet published by the fuml. 

> Unicef made the point in 1947 that more children can be fed by dried skiinmed 
milk and lard (or butter or margarine) for the same price than with dried whole 


milk. 
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IS. 6d. Butter at 3s. lod. per lb. yields 1000 Calories for is. id. Vitamin- 
ized margarine at 2s. per lb. produces 1000 Calories at yi. approx. 

Eggs are always unfortunately rather dear, whether for calcium, 
phosphorus, iron, vitamins A, thiamine, the Bg complex, and D, for 
the body-building ration or for Calories. They cost 2s. 6d. for 37 g. 
protein and 4s. 6d. for 1000 Calories at a price of 4s. 6d. dozen. 

As the special salad vegetables and the special fruits are used because 
of their ascorbic acid, they must be considered mainly on the cost of 
that “nutrient.'' The cheapest way of obtaining this vitamin is from 
raw cabbage salad, which, however, is not popular in this country. For 
general purposes tomatoes, lemons, and oranges are the cheapest w’ays 
of buying ascorbic acid, and the sooner w'e can increase the level of 
importation of citrus fruits the better for the nation. As the cost of 
ascorbic acid varies with the seasons, the conscientious caterer must 
calculate from the tables and costs of foods the cost of a ration (30 mg.) 
of ascorbic acid. 

W^hcn strawberries are two shillings a pound it may be more eco- 
nomical to buy ascorbic acid as that fruit rather than as tomatoes or 
oranges. The trouble is that few people are satisfied with the ounce or 
so of strawberries which give the day's ration! 

The fat fish, with the exception of salmon and sardines, are among 
the cheapest foods we have for protective purposes (calcium, phos- 
phorus. iodine, vitamins A and D), and for body-building material. 
For Calories they are medium in price, but cheaper considerably than 
meat. At a price of is. per lb. herrings are a cheap food which no one 
except the rich can afford to omit from his food purchases. 

Speaking generally, it is fair to say that the protective foods are not 
the dearest foods which we buy, and the explanation usually given of 
tlK'ir %’cr\' general deficit in the diet of Great Britain — their costliness — 
is unfounded. The real reason is habit, tradition, and lack of an appre- 
ciation of dietetics. 

Second. Economy in first-class protein is best obtained by the use of 
clu'ddar style cheese, herrings, and herring roes. At the respective 
j)rices of 2s. 2 d., is. and xs. 6d. per lb, these foods supply a day’s ration 
of first-class jirotein at 8d., ^d., and 4|rf, respectively. Milk supplies it 
at IS. i(/., the meats at a price of about is. 5 d. and the white fish at a 
price of from is. 5 id. (cod at is. 6d. per lb.) to 3s. (Dover sole at 3s. 8d. 
per lb.). 

Third. Economy in Calories is the easiest thing of all to practise for 
two reasons: (i) the protective foods and protein foods combined do 
not often account for more than 30 per cent, of the Calories of the diet; 
(ii) the range of cost in Calories is enormous. It is one hundredfold, 
whereas the range of cost for first-class protein rations is only from 
4irf. to 3s. 8d. or tenfold. 
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It is possible iii any one town at any one time to give an exact 
estimate of these costs or of the cost of a reasonable diet. The report of 
the British Medical Association of 1933 established that idea for all time. 
But a set of calculations based on either the West End stores prices in 
London or the cheap street markets prices would be useless for people 
living elsewhere, particularly those in the country although food prices 
are much more standardized throughout Gt. Britain than formerly. 
Anyone interested in catering economically and dietetically must collect 
prices and calculate the cost per 1000 Calories from them and from the 
various Food Tables in existence. A general statement which will be 
true for all parts of the country is the following: "An economical dietary 
must be based upon cereals and cereal products, the pulses, dried fruit, 
potatoes, butter, margarine and suet, milk, fat fish, e.g. herrings, 
sprats, and mackerel, cheese and bacon. Moderate economy only can be 
found in the meats, while lean fish and eggs are costly and to be con- 
sidered luxuries. Green vegetables and fruits from the Calorie point of 
view are also expensive, but as they supply some of the vitamins and 
the necessary mineral elements, they arc essential, and small quantities, 
despite their Calorie cost, must be included in the diet.’’^ For a fuller 
discussion of economy in diet the reader is referred to the book quoted 

or to Sound Catering for Hard Times.^ 

1 Emended from Mottram. V. H. {i93«). Fatmly. 6th edn. 

Nisbet & Co. 

* Mottram, V. H., and Mottram, E. C. (1932). Nisbet & Co. 
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CHAPTER XII 

FOODS TAKEN MAINLY FOR ENERGY PURPOSES 

In this section of the book an attempt is made to give a survey of 
tlie foods eaten by people of European origin, their characteristics and 
their value in diet. As might be expected, the first difficulty is classi- 
fication. Shall the foods be classified according to their chemical nature, 
their biological origin or their function in dietetics? The problem has 
given many an organizer of conferences on food a headache. For 
example, if we follow chemical principles we separate the potato and 
the turnip, both \cgctables; if biological principles, then marrows, 
cucumbers and tomatoes arc fruits and rhubarb is a "vegetable.” 
Naturally the predilection of the authors is for a functional classifica- 
tion. which again separates the potato from the turnip and leaves meat 
extracts in something like no-man’s-land. It is this functional classifica- 
tion which is adopted, taking the classification^ of the special joint 
committee of the combined food board of the United Nations and 
sliglitly rearranging some of its items and expanding it somewhat. It is 
as follows: 

Cifoup I. Oils and fats, including butter and margarine; sugars and 

syrups; cereals; potatoes; pulses and nuts, 
toonp U. iMilk and milk products, excluding butter: meat, including 

cured and canned meat and meat extracts, jellies, etc.; 
poultry; fish; eggs. 

(»roup 111. I-ruit and fruit products; vegetables, leafy; other vegetables, 

including many “vegetable” fruits. 

Group 1\ . Beverages. 

Group \'. Condiments. 


It will be seen that the first group consists of foods mainly taken 
for the production of Calorics, though butter, cereals and potatoes 
do supply vitamins as well, and the pulses and nuts supply protein. 
The second group of foods is taken mainly for body-building purposes, 

1 Food Consumption Levels. ( 1944 ). H.M. Stationery Office. 
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though again all supply vitamins and the milk division mineral elements 
in addition. Group III supplies mainly vitamins and inorganic 
elements — their energy-producing and body-building powers being 
almost negligible. 


FOODS TAKEN MAINLY FOR THE PRODVCTION OF 

ENERGY 

I. Oils and Fats, including Butter, Margarine and Cooking Oils 

Before the war of 1939-45 it would have been natural to start this 
section with the cereals and starch- and sugar-containing foods, but it 
has been brought home to us how much we depend on the tropics and 
polar regions for our supphes of oil and fat. Probably no deprivation 
during the war was felt so much as that of fat. At a pinch we can grou 
half our cereals and sugar in Great Britain and increase our potato crop 
hy 50 per cent.; but we cannot produce fat at the same time. Ihis 
comes from tropical or subtropical regions — from palm fruit, palm 
kernel oil, cotton seed oil and peanuts — or from whale oil, mainly rorn 
the Antarctic. Even the poor and unemployed in this country tend to 
eat more and more fat. Once it was thought that 50 g. of fat was suffi- 
cient per day for the poor. Even in the 1931 slump the unemplo>cr 
were consuming 100 g. per day.* Nor is this astonishing when it is 
realized that margarine can vie with sugar and bread at producing 
Calories cheaply. Fat per g. gives two and a half times as many a ones 

as a starchy or sugary food. See, however, p. 527. 

Pride of place among the fat foods is taken by butter. This is niore 
because of the esteem in which it is held by people than because o 1 s 
intrinsic food value, though it must be admitted that at 3s. lod. per ). 
it is not a dear food. It costs at that price I5. id. per 1000 Caorics. 
Butter-making is, however, not an economic proposition in this conn r> 
and we shall probably continue to import butter from New Ze»i aiu 
and Australia and sell it here at a price which causes astonishmen .ui< 
indignation in the Antipodes. 




Butter 


till- 

the 


Butter is produced from cream by churning. Ihis causes a 
fat globules in the cream to run together into a solid mass, w u i 
fluid part, containing almost all the sugar and most of the caseinogcn, 
remains in the form of butter-milk. The flavour and aroma o 
arc due to the growth of organisms in the cream during ripening, h 
» Catmcart and Murkav. (1932). Couitctl. 

lettcrin il.a««/{l954). 1 , l078-9SUggeststhatdcgcnerativediM.ase!.o ,w n loH. 

parallel with the amount of fat eaten. See albo Reader s Digest. >55. 
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superior flavour of Devonshire and Cornish butter is due to the strains 
of lactic-acid-producing microbes found in the soured cream used in 
making butter. These microbes when isolated in pure culture rap be 
used to control the flavour of butter produced elsewhere or even to 
transfer these flavours to margarine. Acetylmethylcarbinol and 
diacetyl are two of the substances manufactured by the microbes, for 
they are found in butter and have an odour reminiscent of butter, but 
by themselves are not entirely satisfactory in producing a butter 
flavour. 


The trace of caseinogen which remains in the butter is of importance, 
for the decomposition which it undergoes on keeping is apt to make 
the butter turn rancid. The presence of water in the butter facilitates 
this change. Butter will keep indefinitely if it is dehydrated. This 
method is largely used in India for the preservation of butter (ghee), 
and also on the Continent. Commercial processes were worked out in 
New Zealand for dehydrating butter for shipment to the forces in 
World War II, and will probably provide a convenient "spread” in 
tropical regions. Canada and other countries already put up canned 
butter for shipment abroad. 

The exact amount of fat in butter varies within limits, but averages 
about 82 per cent., or twice as much as the amount in cream. An ounce 
of butter, therefore, may be reckoned as the equivalent of | oz. of pure 
fat. In addition butter contains 12 to 15 per cent, of water and about 
2 per cent, of non-fatty organic matter, chiefly caseinogen and milk- 
sugar. It is rich in \*itamin A,» but poor in vitamin D. 

1 lie most striking chemical characteristic of butter fat is its richness 
in those fatty acids (butyric, caproic, caprylic, and capric) which are 
soluble in water. Of these it contains about 7 per cent. Butyric acid, 
indeed, may be said to be the hall-mark of butter, from which it derives 
its name. 2 Of the insoluble fatty acids present, oleic is the most abund- 
ant. Butter fat contains 40 per cent, of olein. This results in a low 
nuUing-point (31-34 ’’C.) and that in its turn implies, for reasons we 
luisc already discussed, that it is easily digested and absorbed. As a 
matter of fact, butter is the most easily digested of fatty foods. The 
fat of the human body has also a large proportion of olein, and melts 
at an even lower temperature than butter (25^ C.). The fact that butter 
fat approximates so closel}' to it in its proportion of olein may perhaps 
help to explain the great value of butter as a food. 

The objectionable practice of adding artificial colouring matter to 
butter has been in vogue for many years. How careful dairies should be 


» The figure given in The Xutrilive VaUu of Wartime Foods, a.v.. is 1136 I.U. 

per 02.. or 4000 per 100 g., but see above, p. 125. ^ 

2 The» water soluble fatty acids appear only in the milks of animat? with a 
rumen. They are probably synthesized from acetates. PopjXk, G. figsi). Bioch. 
foum., 48, 612. ^ \ 
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in the choice of such colours is seen in the fact that “Butter yellow’’ 
produces cancer of the liver in rats.* 

The ease with which butter is digested renders it of great value as 
a source of fat in the diet of the sick; patients can take J lb. of it a day 
without difficulty, and with great advantage to their nutrition. Cooked 
butter, on the other hand, is much more apt to disagree, probably 
owing to the liberation of fatty acids in it by the heat employed in 
cooking. The absorption of butter in the intestine is very complete. 
Even when J lb. of it is taken per day, less than 0 *5 per cent, is wasted . 
This is a more favourable result than would be obtained with any other 
form of fat, and should teach us that it may be well to give butter a 
fair trial before having recourse to medicinal fatty preparations. 

Margai<ine2 

Margarine is a manufactured imitation of butter made by mixing 
animal or vegetable fats of the right melting-point intimately with 
soured skimmed milk and rapidly freezing the “mix.' To the mixture 
before freezing some small amount of lecithin is added as a stabilizer 
and appropriate oil soluble colour to imitate butter. The skimmed 
milk is very carefully soured with lactic acid producing microbes of a 
strain selected to give the aroma of butter. 

Margarine owes its origin to the ingenuity of the French chemist 
Meges-Mouri^, and was first manufactured under his direction for use 
in the French Navy in the year 1870 and used in the siege of Paris. 
It was originally made by melting down and clarifying various animal 
fats, that of the ox being chiefly employed; but at the present day 
vegetable fats derived from nuts and various seeds and hydrogenated 
vegetable and whale oils are mainly used in its manufacture. No less 
than 400,000 tons of oils and fat were used in 1943 io producing the 
margarine ration. 

Composition of .Margaiune 
Water .... li-yvcrwnt. 

Protein .... 0*2 

I'at . . • . ^ 5*3 

Calcium, iron and copper traces 

Calories per lb. . 800 per 100 g. or 2^7 per oz. 

Roughly, its crude composition is that of butter and the manu- 
facturers try to keep it so. But it can never imitate butter accurately 

1 Orr and Stickland. (1941). Diochem . Journ .. 35, 479- Artificial colour in 
food is in review at present (1955). 

* Margarine derives its name from "margarin,” a suppo^d fat. really a mixture 
of palmitin and stearin. It is also known as “oleomargarine,'’ "buttenne. and 
“Dutch butter," but by the Act of 1887 all butter substitutes arc now dcscribe.l 
as • margarine." In the United States the term “oleomargarine ' is employed. 
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because milk fat is the only fat with a high content of butyric acid. 
Coco-butter, the fat from the coconut, has a high percentage of the 
lower molecular weight fatty acids and is used in the better class 
margarines. But butter can be differentiated from margarines by its 
high content of volatile fatty acids.^ 

So much from the chemical side. From a physiological point of view 
margarine is deserving of recommendation. It is absorbed almost as 
completely as butter, the difference being only about 2 per cent. In 
other words, i*02 oz. of margarine are equal in nutritive value to I’O 
oz. of butter. Whatever may once have been the case, margarine is 
now made only from pure fats, and the processes to which it is sub- 
jected in manufacture insure its further purification. As the flavour of 
the best variety is equal to that of an average specimen of butter — it is 
indistinguishable in the first 24 hours after manufacture — and as it has 
the advantage of being very much cheaper, there is every reason to 
wish that the prejudice against it, which is widespread, should dis- 
appear, and that it should be welcomed as an admirable and cheap 
substitute for a moderately expensive food. In the past it has been 
objected to margarine that it is deficient in the vitamins which are 
present in l)utter. For years it has been vitaminized in Britain. Since 
Ma\-. 1954, the figures as recommended in the Food Standard Committee 
arr: vitamin A. 26S0-3314 I.U. per too g. (760-940 per oz.), and vitamin 
1 ). 282-354 ^<^0 g- (bo-ioo I.U. peroz.). There are vitaminized 

Kosher and vegetarian margarines. 

In old-fasliionod nurseries children were allowed to liave butter or 
jam with their broad and never the two together. To-day apparently 
most children get wliat they like. There was never any real reason for 
ilie old nilf except that of mortifying the flesh, for butter is an in- 
(“Xpeiisive source of ein'rgj'. 

At the same time, it must be admitted that one pays for the pleasant 
lla\«)ur of Inittcr. As far as energy value is concerned, a pound of 
dripping is more than the equal of a pound of butter, and costs much 

le.ss. 

\\ e 1 ki\ e lu re another e.xample of the fact, so often pointed out, that 
111 Inix ing foods we pay usually for the likings of the palate rather than 
for the noed.s of the body. Tor those who can afford it, that may be 
quite justifiable, but for tlie poor the advantages of margarine and 
drijiping as cheap sources of fat cannot be too strongly insisted upon. 
The dripping has, liowever, only small traces of vitamins A and D and 
on that account, should not be allowed to replace butter and vitamin- 
ized margarines in tlie diet of children. 

In addition to butter and margarine there are fats used in cooking 
or other preparation of food for the table whicli were desperately 

J Huttvr has 7J per cent, of butyrm; inarj’urine Ijas only 0-25 per cent. 
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missed during the war of 1939-45- These arc lard and bacon fat, siu't, 
dripping, frying fats and oil. Lard is used in pastry-making and in 
shallow frying; suet in the making of suet puddings and mince meat; 
olive oil for deep fat frying and in salad dressings. They all contain, 
with the exception of suet, nearly 100 per cent. fat. Ihus the analyses 
are: dripping, 99-0 per cent, fat; lard, 99-0 per cent.; and olive and 
“edible oil," 99 '9 per cent. The conventional values of these would In- 
approximately 935 Calories per 100 g. pr 266 per oz. The figure fin- 
suet as given by McCance and Widdowson is also 99 ’® cent, fat, 
but this must have been for kidney suet, with a very low percentage of 
connective tissue — it had but 0-9 jier cent, of ]>rotein and only a trace 
of water. Older figures by American authorities range from as low as 
71 per cent, fat up to 94. It depends on the amount of connectiv e tissue 
and the source of the suet, subcutaneous, mesenteric or from aroiuul 
the kidneys.* 

In modem days it has become more and more the custom to buy 
suets already prepared. These suets contain up to 16 jx'r cent, f^f f'ce 
starch to prevent the flakes of suet from running together again. Ihis, 
of course, alters the Calorie value markedly. 100 g. of 100 per cent, fat 
should yield approximately 920 Calorics (2()6 j)cr oz.). 99 per cent, fat 
yields 915 Calories (260 per oz.). while a suet of 16 per cent, rice starch, 
83 per cent, fat and i per cent, water would yield a])proxiniately 835 
Calories (237 per oz.). In view of the small amounts of suet in a heljnng 
of suet pudding or in a mince tart, this may seem a small point, l>ut it 


is a point worth making. 

There are, too, commercial frying fats and oils on the market. ies< 
are hardened or semi-hardened vegetable and animal oils — quite use u 
commodities and having the same Calorie value as olive oil. Don )t css 
they will increase in consumption on account of their eheaiiness \v len 
compared with olive oil, but the connoisseur will always look askance 
at them because of their chemical laboratory odour. 1 1 is said, howc \ < r 
that arachis oil (peanut oil) makes a satisfactor)’ substitute for o ivc. 01 
in salad dressings. The proportion of the Calories obtainable rom a 
salad depends almost entirely on the amount of the oil in the ( rossing 

even when potatoes are an ingredient. 

We must not overlook the important contribution which fat nu.i s 
and cheeses make to the Caloric intakes of people although m<.it aiu 
cheese are more reasonably considered among the foods which arc ta eii 
for their protein content. Fat bacon may have up to 74 l>er cent- a 
with a Calorie value of approximately 680 Calories per 100 g. (i 93 P' ^ 


‘The Atwater and Uryant figures run from yO f-OA i P i/'-tt lijiure 
according to I’limmcr lias 93-3 per cent. fat. mutton suet 90-6 nrease 

>“93-3. Chatficld and Adams for kidney suet give 8S-0 per cent ■» 

93-0 for a medium, and 94*0 for a fat. 
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oz.). Streaky bacon has 45 per cent, fat with a Calorie value of 527 
per 100 g. (150 per oz.). A mutton chop has 48 per cent, fat and Calorie 
value of 468 per 100 g. {133 per oz.). Cheese, such as Cheddar, contains 
34*5 per cent, of fat and has a Calorie value per 100 g. of 408 (116 
per oz.). If nuts formed any large part of the diet they, too, would 
be important as sources of Calories according to their content of fat. 

The amount of fat in food largely determines the amount of the sense 
<jf satisfaction we feel at the end of a meal and also of the “lasting 
effects" of that meal. One reason is that fats are so calorigenous, and 
that is why in a great war most of us hunger for them. 


2 . Sugars and Syrups 

The importance of sugar as a modem food commodity cannot be 
over-emphasized. Originally a highly priced condiment it has become 
with the discovery of cheap ways of production and manufacture so 
important a source of Calories that dietitians are beginning to ask 
whether there be not great danger in eating sugar in the quantities we 
do. The average consumption in the United Kingdom in the years 
1935-39 was about 95 lb. per person per year,^ or 4*17 oz. per day, 
yielding 467 Calories — i.e. about 15 per cent, of the daily Calorie needs. 
Consumption in the United States was still higher and reached a peak 
of 112 lb. per person per year in 1941. Other countries may take much 
less, the Russians, for example, taking less than a quarter of what we 
take in Great Britain. 

The reasons for the disfavour in which sugar is held are: (i) As usually 
taken, it is a source of Calories only, and therefore if the appetite be 
sated on it, foods containing proteins, mineral elements and vitamins 
are crowded out of the diet, (ii) It is held by American dentists to 
account for caries of the teeth — an old story neither proved nor dis- 
proved as yet. (iii) It may conceivably lead to the development of 
diabetes. This also has been neither proved nor disproved, but it is 
possible that the sudden flooding of the blood with glucose throws a 
strain upon the insulin-producing cells of the islet tissue of the pancreas. 
Diabetes has increased in the United States somewhat as the consump- 
tion of sugar has increased, but this is no proof that the two are causally 
connected. For the present it is absurd to interdict sugar consumption, 
but it is wise to be on the watch for possible dangers. The “food 
reformers" fancy that it is an “unnatural" food to be avoided unless 
eaten in a raw and unrefined state; we may dismiss this as illogical, 
unscientific and absurd. 

We have spoken as if “sugar." i.e. sucrose or saccharose, the di- 
saccharide occurring in the sugar-cane and the sugar-beet, were the 

* Food Consumption Levels. {1944). H.M. Stationery Office. 
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only sugar in the diet. So for practical purposes it is, but diifereiit 
varieties of sugar enter into the composition of articles of diet, and they 
may be divided into two groups: (i) the disaccharides (C12H22O11), 
the chief examples of which are cane, beet, or maple-sugar (sucrose or 
saccharose), malt-sugar (maltose), and milk-sugar (lactose);^ (2) the 
monosaccharides (CeHi^Oe) exemplified by grape-sugar (glucose or 
dextrose), fruit-sugar (fructose or Iccvulose), and invert sugar, whicli is 
a mixture of these two, and is best kno^vn in the form of honey. 

We may now consider each of these varieties in some detail. 

I. Disaccharides. Cane-sugar or sucrose, is the most familiar of all 
kinds of sugar. It is commonly derived from certain special grasses 
such as the sugar-cane or sorghum, but occurs also in smaller amount 
in a great many plants and fruits. When derived from other sources 
than the sugar-cane, special names, such as beet-sugar or maple-sugar, 
are usually given to it; but it must be distinctly understood that these 
are chemically indistinguishable from the form of sugar derived from 
the sugar-cane. 

Cane-sugar has been in use in the world as a food for many ages, but 
it is only within comparatively recent times that it lias been inarm- 
factured cheaply enough to take an important place in ordinary diets. 

The following brief history of its introduction into Europe is taken 
from a pamphlet on Sugar as Food, issued by the United States Depart- 
ment of Agriculture:* 


•'Suyar from the sugar-cane was probably known in China 2000 years 
before it was used in Europe. When merchants began to trade in the Indies 
it wa-s brought westward with spices and perfumes and other rare and 
costly merchandise, and it was used for a long time exclusively in the 
preparation of medicines. An old saying to express the loss of soinelhing 
very essential was. 'Like an apothecary w-ithout sugar. Greek jihjsicians, 
several centuries before the Christian era. speak of sugar under tlie name 
of 'Indian salt.' It was called 'honey made from reeds, and said to be like 
gum. white and brittle.' But not until the Middle Ages did Europeans ha\e 
Ly clear idea of its origin. It was confounded with manna, or was thought 
to exude from the stem of a plant, where it dried into a kind of gum. \V hen 
in the fourteenth or fifteenth century the sugar-cane from India w^ 
cultivated in Northern Africa, the use of sugar greatly increased, and as its 
culture was extended to the newly-discovered Canary Islands, and later 
to the West Indies and Brazil, it Ix-came a common article of food among 
the well-to-do In 1598 Heiitzcr. a German traveller, ascribed Queen 
P lizalxth's blackness of teeth to her great use of sugar. By many llic new 
food was still regarded with suspicion. It was said to be very heating, to 
be bad for the lungs, and even to cause apoplexy. Honey was tliought to 
be more wholesome, because more natural than the 'products of forced 

Invention/ • 

iTlicre arc other sugars occurring in foods {c.g- trehalose, a disaccliando m 
edible fungi- raffinose, a trisaccharidc from beet molasses; and pentose, a live- 
carbon suga^ in many ripe fruits), but tliesc arc of no dietetic importance. 

Farmers' Bull. {19*3)» 535* 
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One of the earliest records of the use of sugar in this country^ is to 
])e found in the accounts of the Chamberlain of Scotland in the year 
1319. Its price at that time was is. 9W. per Ib.=;^7 145. 6rf. at the 
value of money in 1955. Fortunately, it is much cheaper to-day! 

The composition of the sugar-cane and its juice is about as follows:* 


Compose rioN of Soo.\r-Cane .and 

Stalks. 

Juicr:. 

Juice. 

Water 

74-96 

$5 -00 

Protein 

0-58 

0-10 

Fat and wax . 

0-38 

nil 

Sugars 

Cellulose . . .I 

Lignin . . . . 

I^entosans . . . J 

I. ^40 

« 3 - 7 o 

10-04 

0-65 

.\sh .... 

0-64 

0-45 


In order to separate the sugar, the canes are crushed, and the juice 
expressed by means of heavy rollers. This juice is then clarified by the 
addition of iime and heating to 94® C. Other clarifiers are basic alumin- 
ium carljonate, silicic acid with calcium silicate and sodium aluminatc. 
The clear fluid is readily separated from scum and mud and is then 
concentrated by boiling in vttcuo to a water content of 45 per cent. The 
crystals which form are centrifuged from the mother liejuor. This crude 
sugar is known as ntusaivndo and is shipi)ed to the refineries. It contains 
from (»4 to 9S i>er cent, of sucrose. At the refineries it is still furtlier 
clarified and finally decolorized by filtration through bone charcoal. 
The final product of crystallization is white and is 99-50 per cent, pure 
sucrosi-. If loaf-sugar is wanted it is run into moulds. Moulded cube- 
sugar is made in the form of sticks, and aftenvards cut into cubes by 
machinery, (jranulateil sugars are made in the centrifuge. Other 
\aricties depend on the mode of cr\’stallization and grinding. 

Beet-sugar. Fully two-thirds of the “cane’'-sugar commonly used 
is really derived from the sugar beet. The following account of the 
growth of the industry is from the pamphlet already mentioned:^ 

'Marggraf. a chemist of lk*rlin, first discovered in 1747 that beets, 
with other lleshv roots, contained crystallizable sngar identical with that 
of tlie s»igar-cane. In 170O Marggraf's pupil, .\chard. erected the first 
mamifactory fi>r beet-sugar, and in 1799 he brought the subject before the 
I 'reiich .\eadeniy. He inanufactnreil beet-sugar on his farm in Silesia, and 
]>resented K)a\es of refined bect-sngar to Frederick William HI of Prussia 
in 1707: but the 2 to 3 per cent, of sugar that could be extracted by the 
metliods tlien in use \va>. Omi small for commercial sncci'ss. .\ now stimulus 


• See H.cNNiSTliR's Cantor !.eetiiro>. isi;o, 

- Wi.sTON and Wi.s'io.x. (i‘)3»)K Slrmlure aitJ Conipostdou ol Foods, 4, i.S- 
^ irS. Dept of .\nr. (1913). l-'ariners' Hull. No. 535. 
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was given by the sugar bounties of Naj)oleon in 1806. and methods 
rapidly improved, especially in France. Two great difficulties were still to 
be met: the percentage of sugar present in the beet was small (0 per cen .), 
and it was separated with great difficulty from the many non-sugar 
constituents, some of them acrid and of very unpleasant taste, cience 
now came to the rescue, and a beet was gradually developed ha\ mg a arger 
iicrcentage of sugar and a smaller percentage of the undesirable impurities. 
Barber says that in 1836 18 tons of beetroot were necessary to produce 
I ton of sugar; in 1850 this quantity was reduced to 13-8, in i o o 12 7 
tons; and in 1889 to 9-25 tons. From 6 per cent, of sugar, as found by 
Marggraf, the sugar beet of good quality now contains 15 per ^ ,, 

more, 12 per cent, being considered necessary for jirontable manu ac ur 


The sugar is extracted from the beets by rasping them to a pulp, 
extracting and evaporating in vacuo, with siibse<iuent decoloration y 

means of animal charcoal. 

To the ordinary consumer beet-sugar is not distinguishable roin la 
derived from the sugar-cane, and it has already been statec t lat to \q 
chemist the two are really identical. Fhere is no evidence or lo 
statement sometimes made, that beet-sugar is more injurious to health 

than genuine cane-sugar. v 1 v 

Maple-sugar is derived from tlie sugar mapli- of North 
by tapping the bark in early spring and allowing the s.ip to iscapi. 
as it flows upward. The sap is evaporated and the sngai a owi o 
crystallize out while the residue is used as mapl<‘*s> rup. ik inapt 
tree yields about 4 lb. of sugar in a season. 

There is no chemical tlifference between the sucrose of map e sugai 
and that derived from the canc or beet, but it is mixed \ut 1 t 
substances and organic acids which give it a peculiar l axour. is 
probably on the presence of these that the slightly laxatiM fp>‘‘ 1 i^*s 
of maple-sugar depend. As a commercial source of sugar I u. map i 
cannot compare with cither the cane or the beet, and map > 
now chiefly used as a luxury and for the s;ike of its agreea > < las t . 

The average composition of these sugars in their raw st.iti IS as o o 


l OMl'OSmo.S (*1' Suo.^Ks 


Source. 

Water. 

CaiiesuKHr 

Invert 

Sugars. 

A^li 

Sugar-cane . 



1 -01 

O -50 

Sugar-lKret 

Maple 

3 7 ^ 

Si) 

.5 --I? 

8-70 

I -oo 


After being subjected to the process of relining, sugar '^ 1 ^'*^ ,11, 1,^1 
a pure chemical substance. There is some demand or ““.y , , 

“Barbados'' sugar, both for confectionery and foi the oo( ‘ , 

Some types (e.g. “pieces'') have a jileasant flavour, but • uiu n • - 
and sometimcis iiichulf livestock. Raw sugar r<mtuins .ij>prec 
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amounts {0-159 cent.) of cane fibre, dirt, scale and lime salts.' 

The study of lactose and maltose are b^t postponed till we deal with 
milk and malt. 

Certain substances derived from cane-sugar deserve brief mention. 
When strongly heated, sugar melts into a yellowish liquid, and under- 
goes some physical alteration, so that on cooling it does not cr5^tallize, 
* but forms a transparent, brittle mass, familiar to everyone as barley 
sugar. If heated to a still higher temperatvire its colour darkens, and it 
acquires a bitter taste, the product being caramel, which is so largely 
used in cooking operations. 

Treacle, molasses, and golden syrup are produced as by-products 
in the manufacture of crystallized sugar. Their syrupy consistence is 
in j)art due to the fact that the other substances which they contain 
prevent the cane-sugar from crystallizing, and partly also to their 
being fairly rich in fruit-sugar. The following represents their com- 
position: 

Louisianan^ TrMrl<» a Golden^ 
Molasses. ' Syrup. 

Cane-sugar .... 47-85 60-5 71-1 

Glucose and fructose .. 23-08 — — 

Extractive and colouring matter — — — 

Inorganic substances . . 7*58 0-5 0-3 

Water . . . . .18-20 290 20-0 

One pound of Lyle’s Golden Syrup yields 1508 Calories (94 per oz.) 
and contains 13 oz. of mixed sugars equivalent on digestion to more 
than 13 oz. of glucose. Treacle is an excellent source of iron and calcium 
in the diet. 

2. Monosaccharides. The other great group of sugars is the mono- 
saccharides. The best example of these is glucose which occurs so 
abundantly in the grape. When grapes are dried to form raisins, the 
glucose separates out, and may be recognized in the raisins in the form 
of little yellowish-white granular masses. Commercial glucose is usually 
got by boiling starch with acids. It occurs in a syrupy form. When 
heated it tiinis brown, and is used in cookery as “sugar colouring. 
Mi.\ed with egg-albumin, it is largely employed in the preparation of 
‘ icing’’ and "fondants” in confectionery' and in the manufacture of 
bonbons. 

Fruit-sugar, or fructose, is found, as its name implies, in most fruits. 
It is with difficulty ciy'stallizable and is hardly ever met with in an 
isolated form in dietetics. 

Invert sugar is a mixture of glucose and fructose. It can be prepared 
from cane-sugar by the action of ferments or by simple boiling, but 

1 WiNTON and Winton, op. cil. 2\vinton and Wintox, op. cil. 

^ Xiitritive Values of Wartiuie J'oods. 
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more readily by boiling with acids. This "inversion” of cane-sugar, as it 
is called, goes on rapidly when cane-sugar is boiled with fruit-juice, 
the active agent being the acid of the fruit. Thus, a considerable 
proportion of the cane-sugar used in making jam is converted into 
invert sugar in the process. It is important to remember that invert 

sugar does not readily crystallize. 

Honey is the most familiar form of invert sugar. It contains about 
equal parts of glucose and fructose, its flavour being due to the presence 
of small amounts of volatile substances derived from the flowers. Ihe 
mean composition of pure honey was found by Browne^ to be as 

follows: 


Moisture 
Invert sugar 
Sucrose 
Dextrin 
Ash . 


Composition of Honey 


17-70 per cent. 
74-98 


1 -90 
1 - 5 ' 
o*i8 


t » 

I » 

* I 


McCance and Widdowson give the composition of English honey 
as: Protein, 0*4 per cent.; fat, a trace; available carbohydrate, 70-4. 
no starch or dextrin; producing 288 Calories per 100 g. or 82 ptr oz. 
Honey in the comb has 4-6 per cent, of wax and its Caloric value is 

The comb consists of waxy substances, which are probably in- 
capable of digestion. , ^ 

The basis of sweetmeats is either cane-sugar or glucose. Sugar- 
candy is one of the purest. It consists of cane-sugar which has been 
allowed to crystallize round threads and consists of almost pure sucrose. 

Toffee consists of melted sugar and butter m various proportions. 

The home-made toffee of McCance and Widdowson contains i oz. 
butter to 8 oz. sugar and 5 oz. golden syrup. Its composition is 0-2 per 
cent, protein, 6-2 fat, 90-8 available carbohydrate and yields practi- 
cally 400 Calories per 100 g. or 113 per oz. 

Chocolate contains about 45 P<-*r cent, of cane-sugar, but no glucose 
or fructose. The rest of it is composed of cocoa-powder, (l-or analyses, 

see pp. 417-19.) , • 1 • *1 

A mixture of glucose or invert sugar and cane-sugar is used in the 

preparation of uncrystallized sweets, such as the creamy matter in the 
interior of chocolates. 

The colouring of sweets is derived either from burnt sugar or from 
one of the aniline dyes, most commonly eosin. Cochineal is also a 
favourite colourer. It is interesting to note that aniline dyes may be 
excreted in the urine almost unchanged, and cases arc on record when? 

> Quoted by Winton and Winton, op. cil. 
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patients have been supposed to be passing blood, when they had merely 
been sucking red sweets. Indiscriminate use of these colours may be 
dangerous to health.^ 

Jams consist essentially of fruit presers^ed in a strong solution of 
sugar. We have already seen that the acids of the fruit, aided by the 
high temperature employed in the course of preparation, bring about 
the conversion of a considerable proportion of the cane-sugar into the 
invert form. Home-made jam is usually boiled for a longer time than 
the commercial article, and consequently contains more invert and less 
cane-sugar than the latter. The amount converted varies directly with 
the acidity of the fruit and the length of boiling. 

Commercial glucose does not crj-stallize and so is often used to make 
jam from inferior fruit or from the remains of fruit, the juice of which 
has been used to make fruit syrups and jellies. Such jam may have a 
good appearance, but is deficient in fruit flavour. It is, however, quite 
wliolesome and nutritious. 

'I he “setting” of jellies is due to the presence of pectin in the fruit 
(p, 19). If boiled too long, the power of gelatinizing is lost, and a symp 
results instead of a jelly. In commercial jams and jellies pectin is 
sometimes added to prevent this. There is a preparation on the market 
tif ]->cctin which is used in making home-made jams set. 

More than half the weight of any given quantity of jam is made 
up of sugar in some form or another. The nutritive value of jam resides 
almost entirely in its sugar content, its Calorie value being 250 per 
TOO g. (71 per oz.). 

Digestion of Sugars 

riu- sugars can only be utilized by the body in the monosaccharide 
form..'i*h(*\’ must be digested and this takes place in the small intestine 
under the action of appropriate ferments in the succus entericus. 

It might be thouglit that since honey, golden syrup and treacle 
consist largely of monosaccharides that they have an advantage over 
caiu' sugiir. The\’ might be termed predigested. But so rapidly does the 
iin’crtasi- of the small intestine work that it makes little difference 
whether one takes cane-sugar or glucose for therapeutic purposes.^ 

('ane sugar in strong solution is an irritant. People who frequently 
liandie sugar often get a dermatitis. It irritates the mucous membrane 
of the stomach, causes the ])roduction of much mucus and a highly 
acid gastric juice. 

.\s used in ordinary diet cane-sugar depresses the acidity of the gastric 
juice and delays evacuation of the stomach. 3 A hyi>er-chlorhvdric 

‘ Sci- Latuel i. i-U*. - St-o Lancet 0 <)35), l, 444 - 

3.M11.LKH, Utiiecss, and Hawk, (tojo), .Inter, jnnrti. Physiol. 53 i 

»'5. Also Hcnt. J X . MacDonalo. 1 ,. and SecRRELL. W. R. (1051). Jaurn. 
Physiol, 115, 1S5- 
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person can take sweets between meals with impunity but a hypo- 
chlorhydric cannot. It would be interesting to discover whether tlie 
sugar added to the fruit or the cereal course at breakfast delays 

evacuation of the stomach or not. 

Lactose and cane-sugar, if they get into the bloodstream, arc excretec 
quantitatively by the kidneys unchanged. Nor can the body deal wit i 
pentoses if they enter the system. They too are excreted unchangec anc 

a pentosuria results from the free consumption of fruits. 

The last point connected with the influence of sugar on the digestive 
organs is its supposed injurious effects on the teeth. It is difficult to 
understand why this should be so, but arguing post hoc propter inc. 
there is a case to be made out. Sugar was in short supply during u 
war of 1939-45 and children’s teeth improved. With the end of rationing 
it became available again and the childrens teeth arc on the cown 
grade. This has been reported both in Great Britain and Norway . 


Assimilation of Sugars 

The fate of sugar after entering the blood is to be converttil inl*^ 
glycogen and stored by the liver and muscles as glycogen, i o^ .1 las 
been found by the physiological experiment of injection into the > ooc 
stream that not all sugars are capable of being directly convertK in o 
glycogen. 

It is considered that fructose is directly converted in the livtr but 
that glucose passes to the muscles first and is converted there. : s le 
kidney threshold value is lower for fructose than glucose, t ic 
tolerance for fructose is less than that of glucose. Most poop c sccre < 
fructose in the urine if they take more than 50 g. on an empty stomac 1. 
The tolerance for glucose is much higher, and 100 or, in excep lon.i 
circumstances, 200 g. can be taken on an empty stomac 1 wi lou 

causing glycosuria. ... 1 

It must further be borne in mind that the assimilation nni is no 

the same for all individuals. Some people arc better able to corner 
sugar into glycogen or have a higher threshold than others, <iii' uios 
people can taken 50-100 or 200 g. of glucose without passing 
the urine. If glycosuria occurs it is cither due to the blood sugar ’Y”!' 
raised above the normal limits (i.e. the patient has diabetes im i us, 
which may be mild or severe) or the threshold of the kidney is owi i 
and glycosuria occurs although the blood sugar is witiin norma 

I .11 

Notwithstanding all this, it must be noted that, if sugar is au 
along with other food, and distributed uniformly over the ay, 
large quantities can be consumed without the danger of excec( 
assimilation limit. Vaughan Harley was able to take a pound oi ca - 
sugar daily — with injurious results as regards his digestion, i 
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but without producing glycosuria. As a general rule, one may assume 
that 4 oz. can be taken daily without any bad results, but the exact 
amount must of necessity depend to a large extent on the muscular 
activity of the subject. 


Nutritive Value and Economy of Sugar 

\Vc have seen that refined sugar is to be regarded as a practically 
pure carbohydrate. That being so, its food value must be high, for 
every gramme of it will peld 3 *95 Calories of energy. An ordinary lump 
of loaf-sugar weighs about 5 g., and yields therefore nearly 20 Calories. 
Five such lumps contain as much carbohydrate as a 5-oz. potato. It is 
evident from these considerations that even the amount of sugar 
ordinarily added to a cup of tea may contribute in no small degree to 
the supi^ly of energ>' required by the body daily. A pound of butter 
will yield about twice as much energy as a similar weight of sugar, but 
at nearly four times the cost, for sugar is one of the cheapest fuel foods. 
Even at Sd. per lb. it produces Calories at 4^.-5^. per 1000, or rather 
less than bread. 

It is as a muscle food, however, that sugar is of special importance. 
We have already learnt that the carbohydrates are the chief source of 
muscular energy, ^ and the sugars, on account of the ease and rapidity 
of their absorption, are better calculated to fulfil this function than any 
other member of tlie carbohydrate group. For mention of its use in 
training, see p. 227 and, for early evidence of its value, previous editions 
of this work. It is extremely useful also in rapidly raising the level of 
“sugar” in the blood when for any reason, e.g. fasting, severe fatigue 
or an overdose of insulin, it has fallen to a low point. 


Cereals 

Man, like every other animal, has always had to “live oil the land, 
using the term in Stefansson's sense to include water and air. That is, 
he has to convert their products to his oum purposes in providing food. 


In this he has gone through three stages. 

First, he has hunted and lived on the products of his bow, spear and 
lishing line — a most precarious way of living, still practised by races 
in a land where settled agriculture is impossible. It produces a diet 
consisting mainly of protein and fat wth very little carbohydrate. The 
Eskimos are perhaps tlie best example to-day of such early methods of 
“living off the land.” No land, so exploited, can sustain a dense popula- 
tion. The method is uneconomical and unplanned. 


^ It has been calculated that a single caramel or a pennyworth of "candy 
yields sufficient Calories to provide the extra cnergj' required in walking a nine 
(see C. G, and F. G. Benedict. '‘The Fnergv* Content of l£xtra Foods/' 

Hosiou Med. and Surg. Jomn., October 2. 415). 
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The second stage is the nomadic, in which man has domesticated 
some animals and looked to an ordered control of their fertility for a 
supply of meat and milk. This method obtained in early biblical times 
and to-day the Masai arc a good example of survival of this mode of 
"living off the land.” It too produced a diet consisting mainly of protein 

and fat but with rather more carbohydrate. 

The third stage is a stable agriculture, based upon the cultivation of 
cereals, wind-pollinated grasses, mainly, which grow in close association 
one with another and can be easily brought under control. This type 
of agriculture produces a diet which is mainly carbohydrate with much 
less fat and protein. It ties, too, the agriculturist to the soil. Nomadic 
life becomes impossible. Such agriculture, beginning in the alluvial soil 
along the river valleys of Mesopotamia and Egypt, many thousands of 
years ago, has now spread to every tropical, subtropical and temperate 
land, and cereals can now actually be raised within the Arctic Circle. 
The type of cereal is naturally not everywhere the same. It is wheat in 
the drier subtropical and temperate lands of Europe, North America, 
the Argentine, Australia, and India. In more humid and hotter jxirts 
of the world it is rice; and where, as in northern Germany, northern 
Russia and Scandinavia, wheat does not ripen well, rye takes its ])lace. 
The same is true of Scotland, but there oats take the i)lace of rye, 
though at one time rye was very commonly grown in Great Britain. 
A new cereal, maize, invaded the Old World from the New, and has 
thoroughly established itself round the Mediterranean, in Roumania 
and Eg>'pt and in Africa. Barley is a crop which can be grown on poor 
soils and as it ripens early, it once was a staple cereal in human diet in 
the northern parts of England. It is to-day used more for fodder and the 
manufacture of malt. Millet and buckwheat, though not strictly 
cereals, have a similar mode of cultivation and millet forms the staple 
diet in parts of Africa and China. 

The success of cereal agriculture is due to the fact that land can 
produce about five times as much "food” as when given over to dairy 
produce. More bulk of food is available and a greater density of popula- 
tion assured. Moreover the population, though dense, is tied to the soil. 
Civilization, as we understand it, depends upon density of population 
and tradition. Without cereals, density of population is impossible, 
The handing down of tradition is easier in a static population than in a 
nomadic. There can be no real civilization apart from cereal agriculture. ’ 
Now cereals by themselves are poor foods, especially for human 
beings with alimentary tracts which cannot cope with bran and with 
phytate.s. Their proteins are not so valuable in human nutrition as 
those of milk, eggs, cheese, fish and meat. They have less lysine, 
methionine and lr>’ptophane in their constitution ami much more 


‘ 1 he ancicjit civilization ot Peru seems to liave been base<l on the potato. 
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glutamic acid; moreover, often the percentage of protein is Jowin cereals 
especially when cooked, as cooked they must be. Their content of 
calcium is low, their ratio of calcium to phosphorus very low, what 
calcium there is is unavailable, their iron, though high, is also un- 
available to man. It is true that their content of thiamine is high, and 
they have moderate quantities of nicotinic add and riboflavine, but, 
with the exception of vitamin E, they have but negligible quantities 
of the other vitamins. 

They are therefore poor foods and wherever they form a high 
percentage of the diet— say, over 60 per cent. — the growth of their 
eaters is stunted and the physique poor. They make for faulty bones and 
teeth, for anjemia and avitaminoses A, C and D. This fact cannot be 
o^'cr-emphasized: the value of cereals in diet is that they are a cheap 
aource of Calories. It is almost their only value. 

Wheat is the aristocrat among the cereals both for dietetic and 
technical reasons and where other cereals form the staple food of the 
diet it would be well to displace them by wheat. On the other "hand, the 
reduction of the consumption of wheat in this country by about 13 per 
cent, in the years 1900 to 1939 and its replacement by foods such as 
milk, cheese and so forth is to be welcomed by the dietitian. Naturally, 
during the war of 1939-45, there has been a great increase in Great 
Britain’s consumption of wheat and other cereal products — about 
20 per cent, at the maximum — and it is to be hoped that in the years 
to come this will be diminished. 


Whe.-vt 

If a grain of wheat is cut into thin sections and examined under 
a microscope, it will be found to consist of the following parts (Fig. 

1 - 2 ): 

1. The germ, or embryo. This is simply the young plant. It represents 
about ]>er cent, of the whole grain. 

2. The kernel, or endosperm. This consists of two large masses of 
nutritive material for the use of the embiy-o. It makes up 85 per cent, 
of the grain. 

3. The bran — an outer envelope mainly composed of "cellulose” 
impregnated with mineral matter, and designed as a protective covering 
to the grain, of which it makes up about I3i per cent. 

4. The scutellum-~(i membranous tissue between the germ and the 
endosperm, interesting in that it contains a large amount of thiamine. 

The chemical composition of the whole grain and of its three com- 
ponents is shown in the table on page 266, constructed from TIte 
Nutritive Values of War-time Foods. It will be noticed that the germ 
is characterized by its richness in protein and fat, the endosperm by an 
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abundance of starch, and the bran by a preponderance of mineral 
elements and cellulose. It should be added that the germ is further 
peculiar in that both its protein and its carbohydrates are chiefly 
present in a soluble form, and it has a high amount of thiamine. 

If the section of wheat is more highly magnified, the structure of its 
various components can be made out in greater detail. One can then 
sec (Fig. 13) that the endosperm consists of a delicate lioneycoinb of 
cellulose, the cavities of which are full of starch grains, the interstices 
being filled up by smaller particles consisting of a protein or mixture of 
proteins called gluten. The gluten granules arc most abundant in the 
outer zones of the endosperm. 

The relative proportions of starch and gluten differ in different kinds 
of wheat. Generally speaking, it may be said that those grains which 



rio. I i.— D iagram or I.ongjtudjnal Section thkouch a Grain or Wheat. 

A Alcurone layer of cell* lonuiiig oulcnnotl layer of Hk- cnrl<rsp.-fiu. 
h' IVricarp, forming the branny envelope. 

\L. PanjiKnyuiatou* fiuluspemi. 

G. BrabfYO or 
S. Scutefiua. 
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Fig, 13.— Cross-section through the Branny Envelope and the Outer 

PORTION OF THE ENDOSPERM. 

P. Pericarp or bran. 

E. Eodosperm consisting of layer of aleurooe cells, parenebymtous cells. 

look hard, translucent, and homy on section, are rich in gluten and poor 
in starch; while for the grains which are soft, opaque, and floury on 
section, the reverse holds good. 


Composition of the Different Parts of a Wheat Grain 

(100 g. contain) 


Bran. 

Endo- 
sperm, i 

Germ. 

1 

Whole Grain. 

English. 

Manitoba. 

Water (g.) . 

8 

13 

8 

13 

13 

I’rotcin (g.l 

. 10-9 

13-1 

32-0 

9*1 

13-9 

hat (g.) 

4-2 

1-2 

77 

2-3 

2 *6 

Carbohydrate (g.) 

54 -5 

71 *6 

37-8 

68*1 

647 

Calcium (mg.) 

98 

13 

58 

36 

28 

Iron (mg.) . 

. 12-9 

1-8 

97 

3-1 

3-9 

Vitamin A (I.U.) 

0 

0 


0 

0 

Thiamine (pg.) . 

, 

69 

2100 

294 

363 

.\scorbic acid (mg.) 

. 0 

0 

0 

0 

0 


i he figures for cellulose, taken from an earlier edition of this book, are 


180 07 1-8 57 17 


'1 lie bran (pericarp) is found to consist of two distinct layers: 

1. An outer layer consisting entirely of fibres of cellulose impreg- 
nat<;d with mineral matter. This is the layer which is removed in the 
decortication of W'heat. 

2. An inner layer consisting chiefly of small cells full of pigment, 
wiiich give to the bran its brown colour. This layer is much poorer in 
cellulose than the first. 

I he outermost layer (the Aleurone iMyer) of the endosperm consists 
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of a single row of large cells containing a fine network of protein matter 
enclosing small globules. It contains least cellulose of all, and is removed 
with the bran. This layer has always intrigued dietitians and claims are 
made for its importance because it contains proteins of high biological 
value usually lost with the bran. The scutellum had been overlooked 
until 1944 when Hinton* showed that it contained on the average 59 
per cent, of the total thiamine of the whole wheat. 

The germ consists of a mass of small cells rich in protein and fat, 
but its more minute structure does not concern us. 

The wheat grain may be used as a food in its entirety. Soaked in 
water till it swelled up and burst, and then boiled in milk, with the 
addition of sugar and other ingredients, it formed the old and very 
nourishing dish called frumenty, which is now, however, but seldom 
seen on the table and is very difficult to masticate. 

Far more commonly it is reduced before eating to a state of meal or 
flour by the process of grinding or milling. Now, it is an exceedingly 
difficult matter, owing to its toughness, to reduce the bran of wheat 
to a powder by grinding. It can be done, but the trouble and expense 
entailed are great. Graham® bread is made from whole wheat flour in 
which the bran has been finely triturated. As the bran in nonnal w 10 < 
wheat is coarse, unpleasant to cat and irritating to many alimcn ar\ 
tracts, attempts have been made from earliest times to separate t k 


bran from the rest of the flour. 

From Norman times until the forties of last century the usua moc c 
of grinding com was between mill-stones made from mill-stone gn 
The lower horizontal stone was stationary, the upper revo vu . »e 
cleaned wheat was fed through the axle of the upper stone an passcc 
between the two stones out towards the circumference, being crac c( , 
broken and ground to powder in the process. This cracking, rea ing 
and grinding was facilitated by grooves cut in the stones anc us 

grooving had to be renewed frequently. Ihc dust thus woin o le 

stones mingled with the flour. The resulting flour was 100 per cen . 
whole meal” and is still the aim of those who maintain that man should 
cat whole food as presented to him by Nature. It contains coarse )ran, 
finer bran, endosperm, stone dust and germ mixed together. 

Such wholemeal flour produces a bread which is unpalatable to inan.\ 

and upsetting to many alimentary tracts, hrom Norman 
been the custom to sieve off the bran by means of bolting cloth, origin- 
ally made from wool or linen, but to-day made from silk, y consen , 
flour from which the coarsest bran particles arc removed, consis ing o 

> Hinton. (1944). Dhchtm. Jourtt.. 38, 214 Ward. {T943). Chrm. and Industry. 
62, II. 

* Sylvester Graham was an American vegetarian. ^ 

still honoured in Germany; Drummonp and NSm.hraham. (193^* 

Food. 
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about 92 per cent, of the original wheat, is called ‘'\yholcmear’ though, 
of course, it is nothing of the sort. Further bolting removes the finer 
bran, and in the end a flour passably white is obtained. It represents 
about 75-80 percent, of the grain. UTiat is removed is the fineand coarse 
bran; what remains is the endosperm and some, if not all, of the germ. 
Such a flour is known as standard stoneground flour and is obtainable 
by those who prefer this sort of flour. 

The Norman baron and his wife preferred white flour, and the bread 
made from it, to the coarser bread made either from unbolted flour or 
the mixture of rye and wheaten flour which was the lot of the serfs. 
The city merchants naturally imitated the aristocracy to the intense 
indignation of the latter, and preferred white bread to “black” or 
“brown.” As naturally, to eat white bread became the mark of aris- 
tocracy and plutocracy, and broN\Ti bread the badge of poverty. Some 
remnant of this survives to this day. At any rate whiteness of flour 
became desirable and milling evolved in the direction of producing a 
whiter and whiter flour. 

In the eighteen-forties a new method of milling was begun — crushing 

between rollers rather than between stones. This was named the roller 

process. It won its way first in Austria-Hungary’, milling the hard 

Hungarian wheat, and it gave ^Menna its well-known supremacy in 

l)read- and pastry-making. It did not make its way into Great Britain 

(ill about 1880. for there was difficulty with the rollers and with the 

• 

type of wheat. Roller milling succeeds best with the hard wheat such 
as we now obtain from Manitoba and not with the soft English wheats. 
Roller milling has now practically replaced stone grinding, and, for 
reasons that appear by no means scientific, has received the execration 
of most people who get excited about food. 

The Roller Process. The wheat, after having been separated from 
“foreign bodies” suclr as nails, nuts, coin, wire, paper, shrivelled grain, 
maize, oats, corn cockle seed and other seeds, is washed, dried and 
sucked to the top of the mill. Thence it is fed by gravity between 
l)arallc-l horizontal hard steel rollers about 6 ft. long. The distance apart 
Ilf these rollers can be adjusted to one-thousandth of an inch. Both 
ifilk-rs have sj^iral grooves cut in them, but the pitch of the upper spiral 
(litters from that of the lower. The grain passes between the rollers and in 
doing so is caught by the spiral grooves and cracked or broken. This is 
calk’d the “first break.” Some bran is cracked away from the endosperm 
and germ, someof the endosperm is cracked and broken as well. The result- 
ing mixture then passes between two parallel smooth rollers which con- 
tinues the process, some flour — i.e. ground endosperm — being produced 
at this stage. The bran is blown off, the flour sieved off, and the re- 
mainiler consisting of broken grain, semolina and germ passes to 
the top of the mill again. The flour produced at this first break is a 
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darkish flour — in milling parlance it has no colour, for colour means 


"white.” 

The unground part of the mixture is ready for the second break. 
It passes between grooved rollers again, but the rollers are closer 
together, the grooves shallower and the pitch of the spirals not so great. 
Again the grain is further cracked, bran sheared off and flour produced, 
and after the break the resultant mixture passes between smooth 
rollers set closer together than the first pair. The flour sieved olf at this 
stage — second break flour — is, with the third break flour, the whitest 

there is. 

It is usual in the best mills in Great Britain to have four breaks 
only, but American and Canadian mills have pushed the brc.iks still 
further to get off the last remnant of endospenn from the bran. 

The germ sticks to the third pair of smooth rollers and, being scra])ed 
off them, is collected as a separate fraction. In fact roller milling is an 
elaborate, semi-automatic, cheap and efficient way of fractionating 
wheat into its constituent parts and represents an advance on the 
cumbrous method of stone grinding. If an attack is to be made, it is 
not on the process itself, but on the use the millers and public have 
made of the process. If we want the germ, for making germ bread or 
Hemax, we have it. If wc want pastry whites then we take the second 
and third break flour representing about 40 per cent, of the wheat seed. 
If "straight run" flour, we add the four breaks together. So called 
“whole meal” can be synthesized by adding to straight run flour the 
fine bran and the germ. The roller process hits given us much more 
control over what we get from wheat and what we make from it— wc 


have to see that wc make the right things.* _ 

There arc further practical advantages in this "fractionation. Ihe 
white flour keeps better than the stoneground white flour. Some of the 
genn possibly and the oil and diastatic ferments of the germ are present 
m the stoneground flour. The oil oxidizes and goes rancid and the 
flavour of the flour depreciates. The germ produced by the roller mills 
can have its ferments destroyed by cooking with superheated steam 
and then be ground to a fine meal for the manufacture of germ breads 
(Smith's patent). "Hovis" flour, originally contained three parts white 
flour (70 per cent, extraction) to one part germ, but now is made from 
Ho per cent, extraction flour, four parts to one part germ. It contains 
more protein, more fat. more thiamine and more nicotinic acid than 
cither the national flour or the fortified flour now on the market. 

I hcn, too. the bran separated from the flour forms food for domestic 
animals which possess alimentary tracts competent to deal with it. 


^ Any cheiui^'t woul<l preJer 
tcclioician octane, jK'trol. nw 


straight phenol and the rest to crude tar, and a 
licinal paraffin, lubricating oil and paruflin wax. 


to crude oil. 
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e.g. the horse, cow, pig and hen, and it is a debatable (and debated)^ 
problem whether it pays us better to feed the offals to the cow and the 
hen and get a return in first-class protein or to eat the bran ourselves 
at first hand. In time of war it has always appeared reasonable to 
increase the amount of bran in the flour for making pastry and bread. 
If we ourselves eat a greater percentage of the wheat kernel we do not 
need to transport so much wheat. In the Napoleonic wars it was so and 
in the two world wars. Some countries — Eire and South Africa — went 
as far as 100 per cent, extraction. We compromised at 85 per cent, 
extraction with a small dilution with home-grown barley meal, oatmeal 
and rye at the time of greatest urgency. But as soon as possible we got 
rid of the additions and in 1944 began to reduce the percentage extrac- 
tion towards the 72 per cent, level again. By 1945 it reached the 80 per 
cent. level and the Minister of Food proclaimed it as “nutritious" as 
the 85 per cent, extraction flour, 2 while many people interested in 
nutrition consider this a grave error of judgment. 

This is clearly the place to attempt an objective account of the 
hundred-year-old controversy of white versus wholemeal, with the 
warning that so many factors of prejudice are involved — conservatism, 
gastronomy, bowel consciousness, vested interests and politics — that 
scientific principles, even among the scientists themselves, disappear 
into a fog of unproved assertions. 

The main uses of flour are in the production of bread, pastry and 
other confectioner)' and biscuits. For the last, English wheat flour is 
preferred with its low protein content, while for bread and confection- 
er)’, a flour with more rising power is desired. The proteins of wheat, 
gliadin and glutelin, when mixed with water, form an elastic paste 
winch can be stretched considerably without breaking. Flour containing 
much gluten can be blowm up into a sponge by forming carbon dioxide 
within it. This can be brought about either by the use of yeast, by 
baking powder or by actual “aeration” with carbon dioxide under 
pressure. A sponge so blown up, on baking “sets," i.e. the gluten is 
coagulated and the form of the blo\\Ti out sponge retained. The bread, 
cake or pastry so made is “light” in comparison with similar products 
made from the other cereal flours. Rice flour and oatmeal will not make 
bread. Rye flour by itself makes a badly risen soggy bread and is usually 
mixed with wheaten flour in making the bread eaten on the continent 
of Europe and by immigrants from mid-Europe into this country and 
doubtless into the United States. Barley meal also has to be mixed with 
wheat flour to produce a bread or pastr)'. Wheats differ from one 

1 See Wright. (1941), Chfiv.. ami hid.. 60, 623. Bacharach. {x 94 i)< Chem. and. 
hid., 60, 791. 

2 In the sense in which dk-titians use the word nutritio\>s this is not true, for 
if we wish to retain the maximal amount of the nutrients 85 per cent, extraction 
should be maintained. 
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another in their capacity to form a sponge. Ihe “soft” wheats of Great 
Britain have a lower gluten content than the “hard” Hungarian or the 
Manitoba wheats. The bread made from them does not rise as well as 
that from the harder wheats and Vienna owes its pre-eminence in 
confectionery to them. The name “Vienna” has passed into currency 
for the lightest bread made in this country, though it is not made with 
Hungarian wheat flour. But it is not only tlie amount of gluten which 
determines the power to form a good “sponge.” Other factors, such as 
the presence of other proteins than gliadin and glutelin, of bran and of 
different amounts of mineral elements also affect that power. 

There is everywhere a movement towards standardization of manu- 
factured food products. The purchaser prefers a bread, a beer or a 
butter which always looks the same, tastes the same and has the same 
texture. Consequently millers and bakers prefer a white flour, not only 
because it has better keeping qualities under prevailing conditions, but 
because it bakes bread and other commodities of a more standardized 
quality. The public, rightly or wrongly, likes white bread because of its 
whiteness,* which they confuse with purity, because of its texture in 
eating and possibly because of a traditional belief that to eat brown 
bread is a mark of social inferiority. As Renner points out, the gastro- 
nome dislikes the variation in texture produced by bran in the bread 
and by the crust, so that he removed the crust from toast and sand- 
wiches.* The millers and bakers are out to give the public what it wants 
without consideration of dietetic values and so take the utmost trou e 
to standardize the flours they produce. They dislike English wheat 
flour with its low rising power, its high water content and its variability 
and before the Second World War resented the compulsion to use 20 
per cent, of home-grown wheat. They preferred Canadian, Argentinian 
and Australian wheat because they could blend them to produce a 
standardized flour which gave (i) more loaves to the sack, and (ii) more 
standardized bread, etc. Flours with germ proteins in them, varying 
quantities of mineral elements, diastatic ferments and so on, nep<l 
varying amounts of yeast in the making of bread, and baking powder 
and eggs in the manufacture of confectionery. ^ . 

The change-over from the stoneground flours mainly of English 
origin to roller-ground flours mainly of foreign origin has been an 
inevitable process. Nor was that change-over in the nature of the flour 
([uitc so rapid as has been claimed by the opponents of the roller 
process. Great Britain did not suddenly change to a devitalized flour 

‘ By taste alone the public cannot clistinguisli between breatls made from ^l 
and 80 per cent, extraction flours. Coppock, J. 13 . .M., Hulse, J. H., Todd. J. 1 ' . 
and Ubie, K. (1952). Journ. Set. Food and Agric., 3, 433- 

* Renner. (1944), The Origin of Food Habits, 41. 'ilic o<ld thing is that toast 
crusts by themselves are a pleasant form of foo<l, hut attached to the toast the\' 
arc an offence, a thing which any gastronome may prove for himself. 

Ted 
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with the introduction of the roller process. Thus in 1786-91, Wyatt of 
the Albion Mill, claims that the 55 per cent, extraction flour was used 
in the white bread in general consumption in London. 1 The descent 
from high extraction to low extraction flour was well under way a 
hundred years before the introduction of the roller process into Great 
Britain. 

But though the change-over was almost inevitable, it does not 
follow that dietetically it was sound. The arguments for and against 
the use of a white flour are set out below, but the reader must bear in 
mind— a thing too readily forgotten — that both white flour and whole- 
meal flour by themselves, or made into bread, are bad foods. 

Wholemeal, whether 100 per cent, or the usual 93 per cent, extraction 
contains more protein and protein of a higher biological value, more 
thiamine, riboflavine, nicotinic acid, calcium, phosphorus, iron and 
roughage than white flour. Therefore, say the upholders of wholemeal 
flour, it is better for us. All the statements in the first sentence of this 
paragraph are true, and it appears at first sight that the case against 
white flour is complete. 

The figures given by the Medical Research Council* are as follows: 


Ih’otcin. Calcium. Iron. Thiamine 


R- 

100 j)cr cent, extraction Englisli 
flour .... 9*1 

70 per cent, e.xtraction English 
flour . . . .8-1 

100 per cent, extraction Mani- 
toba flour . . . • I.V9 

70 per cent, extraction Mani- 
toba (lour .... 13-1 


mg. 

mg. 

36 

3*1 

19 

1-4 

28 

3-9 

13 

1-8 


294 

87 

363 

69J 


per 100 g 


For riboflavine and nicotinic acid the differences though great are 
not so pronounced but the fibre (roughage) may be as low as 0*2 per 
cent, in white flour and as high as 2 -6 in 100 per cent, whole meal. 

But except for vitamins of the B class the case is by no means so 
complete as the above figures seem to show. Percentage composition 
by no moans spells availability. Because wholemeal contains more 
j)rotein, more calcium and more iron it does not follow that the body 
absorbs more of themjjln fact, from the early work to the present day, 
experiments comparing the absorbability of the constituents of foods 
with much roughage with that of foods with little, have shown that 
thougli the rougli foods may have more of the proximal nutrient 
materials, the effect of the peristalsis the roughage produces in the 


* Kich. (nm)* Cht'hi. ,nid Ind., 6o, 6ii. Kich denies that much of the germ 
passes into the 75 per cent, extraction flour produced by stone grinding. 

“ Sutfitive I alttes of IVar-Ttwe [•oods {1945), 
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human gut is that the body often picks up less. This has been in- 
vestigated for bread, for rye bread and for rice, among other foods, and 

the results all point in the same direction. 

For example: Macrae' and colleagues investigated the energv’, 
protein and fibre "digestibility” of white bread from 73 per cent, 
extraction flour, and of wholemeal bread from too per cent, extraction 
flour, of two degrees of fineness of milUng. They found that 96 r per 
cent, of the energy value, qi per cent, of the nitrogenous 
and 65-8 per cent, of the fibre of white bread were wholly absorbable, 
whereas the figures for fine wholemeal bread were 86-9, 85 3 "nil 14 
per cent, and of the coarser wholemeal bread 87-1, 857 and 97 per 
cent, respectively. As regards energy value-and we consider that the 
chief reason for eating cereal products is their energy value the loi 
extraction flour wins. Taking the energy values of white and wholemeal 
bread as approximately equal, the body obtains 5 per cen . mo 
Calorics from a pound of white bread than from a pound of 
Of course this means but 50 Calories all told, which is, it is true, y 
little to boast about, and it may be purchased at too ; 

Turning to the protein intake by the mouth, we find that ’““kb » 
wholemeal bread furnishes 2-91 g. of nitrogen, say 18 B; ' • 

per too g. the white bread furnishes but 27 (say 167 1 

however is offset by the larger amount ‘ 

when on wholemeal bread. The net absorption is almost the saiiu, \u.. 
14 8 and 15-2, the difference being of the same order as the error of 

“'solf tTresults lead us to prefer neither white iior wholemeal 
flour to the other, but there is the (piestion of the biological value of 
the proteins. Unfortunately this has never to 

meJured for man but only for the laboratory rat. Chick and Work 
TowS that though the availability to the rat of 75 I-r cent, ^xtrac ion 
flour national wheatmeal flour and wholemeal flour was 89, 86 and 84 
rreenr respectively, the young rat grew faster by some 30 per cent, 
on the wholemeal than on the white flour, when it formed the on y 
sour« of protein in their diet; national wlicatmeal giving an intermedi- 
ate value.^Such observations have great value. I 3 ut it may be pointed 
out that to apply rat-feeding experiments directly to man is not wise. 
Even in the lowest stratum of human society in this country man does 
not Uve on bread alone. Indeed the governmental policy during the 

iMackae, Bacon. Hutchinson, and McDougall. (iy4i). Chem. and Ind.. 

It must be admitted tliat the analysts of bread vary wthin 
raiiKcs If wc applied Macrae's results to bread showing the analyses ^ 
Micance and Widdowson. we should find the argument in favour of whokn ca' 

Such an application would, however, not be reasonable. 

» Chick, H.. and Work. (i940- 7^^' 
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Second World War has been to supply the rapidly growing young with 
a cheapened source of protein of high biological value in milk, the effects 
of which swamp the small beneficial effects of the higher biological 
value of wholemeal. It is wiser to continue our efforts to supply every- 
body with sufficient milk than to insist on a greater degree of extraction 
of wheat. Until we have experiments on young growing children, 
comparable to those on the laboratory rat, the experiments quoted 
must remain as a possible pointer only. The rapidly growing rat might 
well show the effect of the liigher biological value of wholemeal less 
ambiguously than the child. The rat certainly has the power of extract- 
ing other things from cereals which the human being does not possess. 
{See below.) 

Then comes the problem of the mineral elements of cereals. The 
important ones are phosphorus, calcium and iron, of which wholemeal 
certainly possesses more than 72 per cent, extraction flour. 

Phosphorus. White flour has 102 mg. per 100 g., national wheatmeal 
206, and wholemeal (92 per cent, extraction) 287.1 This appears to beat 
first sight all in favour of high extraction. But is phosphorus in these 
amounts essential? Throughout their extensive investigations into diets 
in this countiy', McCance and Widdowson have never met diets deficient 
in phosphorus. \\ hatever else may be lacking — calcium, iron, protein 
and vitamins — phosphorus is always there. Moreover, the phosphorus 
in cereals antagonizes the absorption of calcium, whether it be there as 
Iihvtates or as phosphates.* Free phosphates impede the absorption of 
calcium, whereas thephytatesin 92 percent, wholemeal, not only prevent 
the body from obtaining the calcium in wholemeal but actually prevent 
it from obtaining some of the calcium from other sources, such as 
milk, cheese and fish. It has been calculated by McCance and Widdowson 
that I Ib. of wholemeal bread would blanket the calcium in ^ of a pint 
of milk. In the long run, with the consumption of milk in this country 
so low as it is, it would be wrong to insist on higher extraction of 
wheat until the production and consumption of milk is increased by at 
least 50 per cent. This will take many years. 

On the score, then, of phosphorus content, wholemeal is a dangerous 
food. 

Calcium. In calcium content, wholemeal flour beats white flour. 

1 he figures given by McCance and Widdowson* are 34*8 mg. and 18 -4 
mg. per 100 g. respectively. Assuming the calcium to be equally 
available from each — which we have seen they are not — wholemeal 
provides double the amount of calcium that white flour yields. Put in 

> McC.\nce, R. a., and Widdowson, E. M. (1942). The Chemical Compositimi of 

rood^, 

- McC\nce, K. and 'N iddowson. K. .M. Journ. Phyiiol., xoi, 44, 304. 

Op. dl 
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ihat way, as it often is by those who ‘•believe" in wholemeal it sounds 
convincing. But put in the common-sense way of saying how much 
wholemeal flour one would have to eat per day to obtain 680 ^e 
argument becomes ludicrous. To obtain all the calcu^ nee e y 

average man per day, he would have to eat approxim 

ately 1950 g. (i.e. over 4^ lb.). This as bread would be some 

impLsible amount. To eat i lb. per day is an achievement. 

taking strenuous exercise. Besides which— to continue floggi g * 

horse— the calcium of wholemeal is unavailable. ‘ . * . 

sources of calcium and what they have is often iina\ at ^ ^ ' 

certainly unavailable in whole cereals and whole cerca pro uc . ^ 

Iron, Again we find that wholemeal (92 per - 1,1,, 

iron than white flour. Figures from McCancc f atm I 

are 3-55 mg. per 100 g. wholemeal. 2-36 mg. for National whea m eab 

and only 0*92 for 70-72 per cent, extraction flour 

been shown that the laboratory rat, made ana'mic a t 

bread and milk, can be restored to a normal state of ic 00 . 

cereals. The rat obtains insufficient iron from white our, ‘ nricle 

sufficient from whole cereals. Consequently, the assump 10 ^ ■ *1,,. 

that the anaemia, so often found in the poorer classes o ‘ 

countries devoted to highly milled cereals, is due to le c 

those cereals in iron. And here, among others, we inus P 

for in the 9th Edition of this book wc recommended w o ' 
for its pleasant flavour and its iron.* Ihis illustrates m.Qiit 
applying facts discovered in the rat directly to human le e 1 (.jj, 
criticism. It had been known that of the metallic phyta es, ' P ^ 

is particularly insoluble. Consequently it might have 

the phytates of whole cereals would impede iron A 

human gut. This is true. In prolonged experiments y 
Widdowson the percentage absorption of the iron presen bre id 

of four men and four women sank measurably when wh to bn ad 

in their diets was replaced by wholemeal bread of 92 per ■ , j 

tion.* Though there was 50 per cent, more iron m the who en al bri.ul 

diet, they absorbed less of it. Two of the '^^men ac ua y ^ 

negative balance on the wholemeal bread diet. The au ® ‘ ^ jj, 

cautiously suggest in their summary of the expenmen s 1. 
of the large amounts of iron in whole wheat, bread made from it may 
not be as good a source of iron as is generally suppose . , j 

Why then do rats recover from a nutritional ansemia P 

white bread and milk when given whole wheat? Simp y inositol 
possess a phytase in their alimentary tract which sp 1 

i Food andthe Principles 0 / Dieltlics ( 1040 ). *33- , , ,88 

* McCance, R. a., and Widdowson. E. M. {i94*). ■ ' 5 



THE NATURE OF FOODS 


276 

hexaphosphates into inositol and phosphates, while man does not. So 
little a difference does it take to render experiments on rats nugatory 
when applied to human beings! 

It is true that cereals do contain phytases, but in the case of wheat 
not enough to split the whole of the phytates in bread-making.^ In rye 
bread baked according to German technique, 45 per cent, of the 
pliytates were destroyed by the active phytase of rye, but much less 
disappears in wheaten bread. 

So on the score of iron, as v'ell as of calcium, a 70 per cent, extraction 
flour is more beneficial than a long extraction. Generally speaking, 
the high mineral element content of wholemeal flour gives it no 
advantage in diet over white flour, but rather the opposite. 

Vitamins. Both white flour and wholemeal flour are deficient in 
vitamins A, C and D. It was once thought that wholemeal contained 
some vitamin A but to-day this opinion has been relinquished. The 
Medical Research Council’s tables^ put its content of A as zero. So 
tliere is nothing to choose between the two flours when considering 
\ itamins A, C and D. They have none. Wholemeal flour will have 
\ itamin E, which is of problematic value in human nutrition. But, as 
we have said, the B vitamins are much better represented in wholemeal 
flour than in white. Both the germ and the bran contain more thiamine, 
riboflavine and nicotinic acid than the endosperm. Of the total thiamine 
in wheat, the germ has 15-20 per cent., the bran 60 per cent., and the 
endosperm only 25 per cent.® This estimate has to be modified some- 
what, for it has been found that the scutellum contains 59 per cent, of 
the total thiamine of the wheat.* This probably in ordinary milling is 
included with the germ, but if it could be retained by “dry milhng 
in the endosperm, much higher amounts of thiamine would be present 
in white flour, enough to lay the bogy of avitaminosis Bi which so 
terrifies the B enthusiasts. It would be possible to obtain a 76 per cent, 
extraction flour with no germ or bran in it yet having the thiamine 
content of national wheatmeal flour.® It must be mentioned that all 
wheats have not the same thiamine value. It is usually assumed that 
tlieir value is about 1*6 I.U. per g.« It may be higher. Figures have 
been given as high as 5. 

* McCance, R. a ., and Widdons’son, H. M. (1944), 153, 650. 

- The AUttrilive Values of War-Time Food. {1945.) Some workers claim that 
what there is, is equally distributed between endosperm and the rest of the wheat 
berry. 

® Rich. (1941). Chem. and Ind., 60, On. 

* Hinton. (1944), Biochem. journ., 38, 214; Ward. (1943). Chem. and I»d., 
62, II. 

® Ward. {1043), op. cii. 

•* Rich. (1941). Chem. and hid., 61, On; Coi’PiNO (1945) in a conference of the 
Nutrition Society, Feb. 24th, gave figures: 2-8-8-5 pg/g. =o*28-o-85 mg./ioo g. = 
0-93 I.U. to 2*83 I.U. per g. or 93-2S3 I.U. per 100 g. 
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With nicotinic acid the story is much the same. ^ ^ 

concentrated in the bran, the coarsest bran havmg most Thus nhereas 
English wheat may have 48 ^g. per g. and Man.toba 55-06. “mmerc al 
ge™ has 55-77. and the bran 267-335. A 45 per cent extraction 'vh.te 

lour from EngUsh wheat has only 5'0. a 70 Pe'' ^ 

cent. 10 •‘i and lOO per cent. 48. Similar but rather ig 1 1 ■ 1, 

given for Manitoba wheat, the 1943 wheats having a particular y iig 
«tre.i National Wheatmeal flour, 85 per cent extraction, gasc g 
ranging from 12-18-7 per g. One pound of 85 Pe-- “n , ^ 
would give about 5i mg- of nicotinic acid, a ''ery ^ ^ 

amount, whereas a 70 per cent, extraction white flou coincided 

ai-a} me The change to 85 per cent, extraction flour coincided 

luh*the dilappearance of pellagra among the mental ^Umts in 

an institution to which one of us (G. G^) had access. • + 

or 5 patients who were "difficult” over their food had mild pellagr 

With riboflavine the distribution between bran, 8'^"" 
is more even than with thiamine, and nicotinic “ou , but 1 
endosperm has least. ^ Therefore as regards the ^ “mplex of i t inius 
nutritton experts must favour high extraction, 'm«sl d ■>“' 6^ 

forgotten that the microbes of the ‘urge mtestine cout b d to th 
body significant amounts of these vitamins, f ^ 
cereal residues give a less satisfactory pabulum for thes. microlx 

^^^.^^Sronly roughage to consider. It, or .ts^ihc^pc.itim. 

products in the large intestine, stimii a e assistance to the regular 
is generally asserted ‘''ut some rough, g 

emptying of the large intestine. The . frequent evacuation. 

provoke in the majority of people <i ^limont irv tr icts arc 

lip to thrice a day! of the large intestine, ^imciit., y U.icts 

much more irritable than “‘‘'C- a't 85 per 

extraction material Indeed ther^ J ^ 

only the fine bran was mcluded m N. t^^^^ intestine, inculcated in 

possible to say how much this fea f t b medicine advertise- 

people by so queers their capacity 

ments, renders them it is somewhat hard on 

for sound J^^th their colons to be condemned to 

Imq^enrauf h^lh"; sllTols ‘in order that the constipated should have 
regular motions.* 

1 Barton Wkiciit. (1944)- liiochem. Journ.. 38 . 3«4 
* Cereals in whatever form are a poor source of riboflavin. 

» UOBKKTSON. (1943). 
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To sum up the whole problem as it stands at the present day: 


(i) There is no advantage in higher extraction flours as regards 

protein absorption. 

(ii) There may be slight advantage in them as regards the biological 

value of their protein. 

(iii) High extraction flours are much worse than low extraction 

flours where calcium and iron absorptions are concerned, and 
this is mainly due to their high content of organic and in- 
organic phosphorus compounds. 

(iv) Both high extraction and low extraction flours are valueless as 

sources of vitamins A, C and D. 

(v) High extraction flour is much better than low extraction flours 

for the B complex of vitamins. 

(vi) High extraction flour sometimes provokes frequent and bulky 

evacuations of the large intestine which may or may not be 
advantageous. 


It is clear that some compromise between high and low extraction 
is advisable, and we think that the introduction of National Wheat- 
meal flour of 85 per cent, extraction,^ containing the fine bran, the 
alcurone layer, the scutellum and as much of the germ as possible, and 
liaving a thiamine content of nearly 3 fig. per g. was a wise move from 
a wholly dietetic standpoint and that the fortification of this flour with 
calcium to offset the phytate effect was an admirable step. Further, 
wc consider that this standard should have been maintained 
until the agriculture of this country has been so reformed that there is 
plenty of milk, cheese, eg^, fruit, vegetables and bacon for everyone 
and the economic conditions so changed that everyone can purchase 
them. As regards wheat the task of the growers is to produce wheat 
witli higher amounts of the B complex of vitamins and the task of the 
millers is to see that these vitamins find their way into the lower 
extraction flours demanded by public taste. We regret even the drop 
to 80 per cent, extraction for the amounts of the useful nutrients in 
wheat flour — particularly thiamine — show a sudden drop if the extrac- 
tion be below 85 per cent. From 85 to 80 per cent, extraction entails a 
loss of over 30 per cent, of the thiamine. 

We cannot close this section wthout a reference to the experiments 


made by Dr. Elsie Widdowson and Prof. R. A. McCance on mal- 
nourished children in Wuppertal in 1947-9. These children were placed 
on basal diets satisfactory as regards calcium, iron, and vitanuns A, C 
and D and were allowed to satisfy their naturally ravenous appetites 
on bread of five types, either wholemeal, 85 per cent, extraction, 70 
1 (1954), Med. Hes. Cotoicil Special Report Series, No. 287, H.M.S.O. 
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per cent, extraction, 70 per cent, fortified to equa w . 

per cent, extraction to equal 85 per cent, extrac ion m 

riboflavine, nicotinic acid and iron. , , , r 

It made not a ha'porth of difference. The logical deduction from t hat s 
not that 70 per cent, extraction bread is as good as who emea , ' . 

time or place, but probably that if one's diet is saUsf^tory ^ 
iron and vitamins A, C and D it does not matter wha rea 

Cookery of Flour — Bread 

In order to make flour available as food, it must 
way or another. The simplest method is to mix the our 'J* 
and bake it. It is in this way that ships biscuit is manufactu . 
product, however, is of an almost flinty hardness, ant n 

mastication. Hence the problem early arose, how ctiived 

such a way that it would be light and easy of digcs ion. w • 
by causing gas to develop in the mixture of flour ant wa , k 1 

ing the latter into a kind of sponge, which was ^ 

and into which the digestive juices can easily penetra e. n ^ 

man learnt to make bread. Now, the making of breac rom 
possible because the latter contains gluten. Gluten is a - ■ 

proteins, which has the peculiar property of becoming 
mixed with water. If the viscid mass is then blown up • 

sufficient cohesion to remain in the form of a sponge or ' ' ^ ’ 

instead of collapsing again, as it otherwise would do, am a , , 

gas to escape. As we have said above, most other cereals, sue 1 * ‘ * 

rice, and oatmeal, do not contain gluten, but other orms ^ P 
lliese do not become viscid when moistened, and consequen y 

these bread cannot be made. , 1 ki,.vi iid 

The next question is. How is the gas. which is to .irodiicinti 

the dough, produced? The reply is that the earliest me loc o ] 

the gas and that which is still by far the most widely used, was 1 > 
fermentation. There are in the air "wild" yeasts which fal ing « ^ 

dough produce from the sugar in the dough alcohol and car ) 

This must have been the method by which the Egyptians ‘y' 

"leavened" their bread. Some dough reserved from the as v 

added to a fresh dough, the yeast it contained grew wi 1 grea 

* McCamce and Widdowson's considered views on the brown v. 
tfoversy can be found in the Lanc<t, 1955* *» 

* Amos. (1942], Chem. and Ind., 61, 117, has cation oi tlu- 

flour itself contains a yeast which must ^ responsible for 6 leaven ol 

l»arra in the Scottish method of making brwd. and / {-,,^1 Chemisirv 

Biblical times. This paper and the relevant chapters of . rc-isons (or the 

by Kent-Jones should be consulted by anyone interested ‘ 

diflerent flavours and textures ol brea«l m various parts of t 
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through this dough till all was leavened and filled with bubbles of gas.* 

In more modem times strains of yeasts have been produced com- 
mercially and standardized, and these are what are used to-day for the 
manufacture of bread. 

It is not the object of this book to deal with processes of cooking 
except in so far as they bear upon dietetics, so no elaborate account 
of the baking of bread is given here. That is left to trade journals and 
cookery books, but we cannot refrain from saying that the latter make 
the process of breadmaking terrifyingly elaborate, whereas it is so easy 

that almost anyone can make a success of it. 

In using yeast to make bread, the first thing the baker has to do is 
to get his yeast to increase and multiply. This has two advantages, it 
enables an originally small quantity of yeast to suffice for a whole sack 
of flour, and it produces a more active yeast, for the young cells ^e 
more energetic than those which arc older. This stage of bread-making 
is called the preparation of the ferment. The yeast is mixed with sugar 
and warm water and put in a warm place till it froths up. This takes 
but a short time. The invertasc of the yeast splits the cane sugar to 
glucose and fructose and the zymase within the yeast cells begins the 
fermentation of the glucose to carbon dioxide and alcohol. There are 
other and more elaborate ways of producing a ferment, e.g. by t e 
use of potato gruel, flour and yeast, but the object is to obtain an 

actively growing yeast. 2 

'Phis ferment is then mixed with warmed flour and warm water tma 
the whole kneaded into a dough. The yeast continues its production 
of carbon dioxide within the dough, partly at the expense of the sugar 
added and partly by working on the maltose produced by the diastatic 
ferments of the flour acting on its starch. The dough is thus blown up 
into a sponge-like texture. It rises. How long it is left to rise van« 
greatly and depends largely on the amount of ferment used, and the 
temperature of the surroundings. It can be as little as 20 minutes. In 
the usual household practice it is an liour. In commercial bakenes it is 
about 4 hours, but it mav be, in more economical parts of these isl^ds, 
mucii longer still. This has some bearing on the destruction 0 the 
plu'tates present. The longer the dough is “proved” the more work the 
phytases of the flour can accomplish with advantage in reducing e 

rachitic effect of cereals. . . 

When the dough has risen to about li times its original volume 11 is 

usual to knead it thoroughly again, leave it again to rise in a warm place 
and when it has sufficiently risen to weigh out portions and bake it a a 
temperature of 400 "-450^ F. This second kneading, invariably earned 

> This method was still actually in use in remote farmhouses in the earl> 
childhood of the authors. 

- See .^Mos. op. cU. 
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out in commercial practice and in domestic ^n*\hp 

omitted both with wholemeal breads and with white bread in the 

“^aWng causes the gas in the dough to expand and blow the 
latter up so that it becomes full of little cavities. The heat also harde s 
and coagulates the proteins in the flour. Some o ^ ® ^ . 

outside is converted to soluble starch and dextrin an on ' / 

It is to the dextrin that the crust owes its glazed aiyearance. A1 g 
about 8 per cent.3 of the starch in the loaf is thus inverted. Some 

caramel also is formed, and helps to give the crust i s avo 

colour. When these changes have taken place the dough lias passea 

into the form of bread. 

Changes involved in Baking. It will be ^^Junt of 

of making bread by fermentation necessanly ‘"yP rth^i-oast * 
waste. The amino nitrogen of the flour forms a pa ii um o ■ 

Other organisms break down some of the protein o ■„tr.‘;iiear 

The sugar of the flour is utilized by the yeast and ^arch split i 

This produces, as said above, alcohol and canon ‘ 

diffuses out of the bread and the alcohol is most y ( 

heat of the oven. It was calculated that, as long ago as i 79- ^ ' 

gallons of alcohol were annually lost in iKn^/these losses it 

alone. It does not pay to recover this alcohol, lota g 

has been calculated that as much as 7 P^t cent, of the total solid 

ingredients of the dough are lost. mnvprt 

The consideration of this inevitable waste led to a emi ^ doueh 
dough into a porous form by the use of water, m ma mg 
which had been saturated with carbon dioxide un er 7 , 

The product was known as aerated bread. 1 he process i< . - ■ 

fallen into desuetude. The bread so produced had a raw 

Results similar to the above are also obtained by the 
powders. These consist of mixtures of various c lemica 
which have this in common, that when moistened ic 
the powder act upon one another, carbon dioxide )eing p 
therefore, the powder has been thoroughly mixed wi 1 (inuizh 

water is added, the gas will be liberated all through the ^esy f-fneUt of 
and the latter will be thoroughly aerated. These pew e . , 

either tartaric acid or potassium hydrogen tartrate wi ^ -j 

of soda. Some used in the U.S.A. have alum in them, p 
powders are the most efficient, for they give off twen y- ly , 
volume of gas; the cream of tartar powders yield only ur e 

‘ Grant. (1944). Vowr Daily Bread. 

* Perfronal communication from two housewives. 

» U.S. Dept, of AgficuUure Bull. 67* ^ 
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and alum powders not more than seven to eleven. In all of these powders 
the soda is slightly in excess, so that the end reaction of the chemical 
process is alkaline. There is thus no possibility of their rendering the 
bread sour. “SelFraising” dour is flour with which baking-powder has 
already been mixed. Although the use of baking powders obviates the 
protein and carbohydrate loss from the dough, there is considerable 
destruction of thiamine, which does not occur when yeast is used. In 
yeast-made bread the loss is about lO per cent. In baking-powder-made 
bread the loss may be as much as loo per cent., depending upon the 
final reached. Hence baking powders should not be used if there is 
any fear of lack of thiamine. 

No matter by what process a loaf is made, it possesses, when finished, 
certain characters by which bakers judge of its quality. It should be 
well "risen,” and possessed of a thin flinty crust, which is neither very 
light nor very dark in colour, and cracks on breaking. The crumb 
should be elastic in consistence, of uniform texture without large holes, 
and of a smooth and silky "pile.” It should have a sweet, nutty fevour 
and odour, and in colour should be of a creamy whiteness. Curiously 
enough, when bakers speak of a loaf having "no colour,” they mean that 
it is rather dark, whereas "high colour” signifies with them great white- 
ness. It must be admitted, however, that the above characters,_howeyer 
important aesthetically, are not of much value from a nutritive point 
of view. A very white loaf means a loaf in which the B vitamins are 
not well represented, unless it is made from fortified flour. For setting 
up a false standard of whiteness the baker is not to blame. It is the 
ignorance of the pubUc, which mistrusts a dark loaf. 

The Chemical Composition of Bread. Two-thhds of the volume 
of a good loaf is made up of gas, and of the solid part about 40 per 
cent, by weight consists of water, so that bread is one of the 
water}' of vegetable foods, and is relatively much less so than raw meat. 
The composition of the dry residue ^vill obviously depend upon that ol 
the flour from which the bread has been made. Especially has one to 
consider whether the bran and the germ have been left in the flour or 
not. Ill white bread these have been excluded. As regards brmyn 
breads one cannot speak so defimtely, for the term brown bread is a 
vague expression.* It may simply mean that a certain proportion 0 
bran or of germ or of both have been added to the flour, or it may e 

1 The creat variability in the amount of water met with in bread rc^era d 
desirable that some standard of moisture should be fixed, the exceeding 
bliould be regarded as an adulteration. In other words, when a ^“^umer p ys 

a given weight of bread he has a right to expect that his purch^ej^* 
a definite amount of solid food. The figure given for the water m Nabonal wneai 
meal bread in The Nutritive Vahus of War-time Foods is 37 per cent. 

2 "Graham flour," invented by the .\mcrican physician. Dr. SS'lvcster Gra^i^ 
alone contains the entire grain. In making "wholemeal" the outer and more yf 
layers of the bran are removed. 
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applied to bread made from whole wheat meal. In each case the result- 
ing loaf will be "brown." Now, bran contains, as we have seen a go 

deal of inorganic matter, protein, and vitamins of t e chnnltl 

would naturally expect, therefore, that bread containing . 

be richer in these ingredients than white bread. As regar si g 
matter this is certainly true, but it is by no means mvana y 
protein. The following table shows in round numbers the mea p 
centage composition of different breads. Unfortunate y e rea 

be prepared to meet analyses which do not agree '-‘‘V ^frlen 
which are from McCance and Widdowson.i For example, those gi 
by the Medical Research Council* for 8o per cent, extraction bread . 

Protein 8-6, Fat i-o. Carbohydrate 51-4. Calcium 59 mg-, ' 

Calories per 100 g. 248. Such variations are inevitable and depen p 

the source of the bread and not on the analyst. 

Composition pkr ioo g. of Wholkmeal ano Winn-. Bri.au co.u 




I'at. 

Carbo- 

Cal- 

* 

Iron. 

Calorics 

Protein. 

hydrate. 

cuim. 

— 


g- 

g- 

g- 

mg. 

mg. 


White bread (70-72 per 



53'7 

23 * 

I -00 

259 

cent, extraction) 
National Wheatmeal 

7.9 

0-7 





bread (80 per cent, ex- 
traction) 

8-6 

1 *0 

5>-4 


1 -2 

248 

Wholemeal bread (92 



50 -I 

18 

> * 1 

247 

per cent, extraction) . 

8-5 

I -3 



There are also various patent and fancy breads m le k, 

the former the different varieties of Vienna bread a go com- 

These are made from very fine flour ("patents ) , . placed 

pressed yeast, milk being often added to the doug i. 1 , ^ Ic ivine 
by being subjected to the action of superheatc s cam "brown” 

the oven. Of the patent breads, the majority are f ^ ^ . 

variety. They are made from flours prepared y P . ^ 

cesses. Some of them are wholemeal breads, in which he b an has been 

reduced to va^ng degrees ^ cLmple. 

Hutchison will be found in an earlier edition ol this 
age these breads, with the exception of the germ re< 

> Chemical Compositioti of Foods. (iy 4 *)- Cottmil spt<ial Ftp. N« -JS 

* The Nutritive Values of War-time Foods 
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normal bread lies more in their palatability and flavour than in their 
nutritive value. 

Changes which Bread undergoes on Keeping. When bread is kept 
its crust loses its gloss and elasticity and becomes soft, leathery, and 
dull. At the same time the crumb becomes “dry” and hard. The crust 
takes up water from the air and from the crumb. The change in the 
crumb is not only, as might have been guessed, due to loss of water 
but due to a change in the aggregation of the molecules of starch. 
Starch, according to Kratz, who examined its X-ray spectrograph, has 
three forms: A, that of unchanged wheaten starch; B, that of "native” 
starch; and C, that of fresh baked crumb of bread. On staling, the 
starch of type C reverts to that of type B. This change is reversible and 
depends on temperature and humidity. A stale loaf may be "re- 
juvenated” several times by a short time in a sharp oven. Type B 
starch is again changed to type C. 

The cooking of bread is practically confined to the application of 
dry heat. This has the effect of driving off water, and of rupturing some 
of the starch grains, and converting them partly into soluble starch 
and dextrin. A little caramel also is produced. The result is toast. 
Toasted bread has the composition: Protein 9-4, Fat 0’8, Carbohydrate 
83*8, and Calorie value per lb. 1300 {per oz. 81). “Pulled bread' is 
made by pulling out the interior of a new loaf and thoroughly baking 
it. The same changes occur in it as in toast, only to a greater degree. 
‘‘Fairy toast” or toast Melba is made from new bread, cut thin, and 
baked in a slow oven till it is a delicate golden brown, or from thick 
toast which is split down the middle and the fresh side toasted. 

Biscuits are made from English wheat flour either alone or with 
the addition of sugar, butter, milk, flavouring agents, etc. Baking- 
powder is sometimes added to make them rise a little. They contain 
very little water (about 5 per cent.), and 3 lb. of them may be taken as 
ecjual in Calories to 4 or 5 lb. of bread, according to the make of biscuit. 

Analysis of a number of biscuits made by English firms are given on 
p. 285; attention is called to the high percentage of fat in many kinds, 
])articularly the cream cracker. 

Rusks may be regarded as a kind of toast. They are made in much 
the same way as bread, but sometimes with the addition of butter, 
sugar and milk, and arc twice passed through the oven, after which 
they are thoroughly dried. 

The Digestibility of Bread. The term digestibility in dietetics is 
a loosely used term to denote a number of properties. To the physi- 
ologist it means ease and rapidity of digestion and absorption into the 
blood stream; to the physician it means these plus lack of discomfort 
in the process. If the eating of a food is followed earlier or later by 
pain or discomfort, that food is apt to be labelled “indigestible. It 
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Composition of Biscuits per ioo g. 
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Army (round) 
(square) 
Bisc-o'-Rye 
Breakfast 
Chocolate 
Cornish Wafer 
Cracknel 
Cream Cracker 
Dinner Roll 
I'ancy Lunch 


Fine Water 
Fruit Wafer 
Ginger Nut. 
Horlick’s Malted 
Marie 
Milk . 

Nursery 

Osborne 

Oval Thin Captai 

Oval Water 

P.F. Shortcake 

Princess 

Thin Captain 

Ryvita 

Water 


Milk 


Rusks 


Protein. 

Fat. 

Calories 

hydrate. 

Calories 

per 

oz. 

13*1 

I -2 

75-2 

373 

106 

11 *9 

®*3 

76*3 

362 

103 

1 1 *90 

I -lO 

76*00 

369 

i ®5 

10-40 

9 -20 

74 *80 

432 

123 

4-69 

6*15 

70*20 

362 

i ®3 

7-25 

29-28 

58-87 

542 

154 

11*58 

8-38 

73 * 9 * 

425 

121 

8 -08 

18-43 

70-62 

492 

140 

1 0 -49 

6*34 

74-39 

404 

•15 

9*86 

7-17 

78-88 

429 

122 

1 1 *60 

8-63 

72-70 

429 

122 

11*95 

7*33 

75 •®3 

422 

120 

5 * 4 ® 

10-64 

72-18 

418 

119 

6-10 

8*50 

79-80 

418 

119 

9 - 3 ® 

4 3 ® 

80 00 

404 

115 

743 

io-8o 

79*47 

453 

1 29 

9*23 

10-72 

76*85 

440 

125 

9*33 

3*67 

78 *80 

394 

112 

7-4® 

II-IO 

79 ‘59 

457 

13® 

9*25 

6-38 

79-46 

422 

120 

9 96 

0-88 

78 -00 

422 

120 

8-02 

26-40 

62 -40 

54 J 

•51 

8-20 

24-00 

63*10 

527 

•47 

1 1 -28 

1-68 

80-31 

422 

120 

7*4 

2-1 

86-8 

313 

106 

8*73 

4-07 

8 i -75 

408 

116 


may produce flatulence in the stomach or bowel; it may evoke a large 
flow of gastric juice and promote excessive peristalsis of stomach or 
intestine; the peristalsis of the stomach and small intestine may hurry 
the food in a semi-digested state into the colon and microbes tliere may 
produce flatus, offensive or otherwise; the peristalsis may be so great 
as to cause diarrhoea. Any food which does any of these things is 
“indigestible.” At one time great attention was paid to the length of 
time food remained in the stomach, but this, we consider, is no sound 


measure of its digestibility. 

Voit in his lectures, used to protest against the idea that awareness 
of the workings of the alimentary tract indicated that the food eaten 
was indigestible. He maintained that all it showed was that the aliment- 
ary tract was at work. This we hold to be unfounded, for we consider 
that digestion is best when effortless and unconscious. Bread is digest- 
ible and absorbable. The digestion starts in the mouth by the conversion 
of its cooked starch and its dextrins into dextrins and maltose under 
the influence of the diastatic ferment of the saliva known as ptyalin. 
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The more thoroughly the bread is chewed and ground into small par- 
ticles, the more complete will the transformation be. It is on account 
of the greater ease with which they can be pulverized by the teeth that 
toast and biscuits are more easily digested than ordinary bread, and 
stale bread than a newly-baked loaf. The dryness of toast and biscuits, 
too, enables them to become easily saturated with the saliva, and that 
also greatly faciUtates digestion. Further, it must be remembered that 
a considerable proportion of the starch in biscuits and toast has been 
already converted into soluble forms in the course of their preparation, 
so that the labours of the digestive juices in their case are considerably 
lightened. For these reasons also the crust of bread is more digestible 
than the crumb, for it is drier, and contains a higher proportion of dex- 
trins, owing to the more intense action upon it of the heat of the oven. 

The notorious indigestibility of new bread, on the other hand, is due 
to its moistness, which makes it difficult to chew, and at the same time 
prevents it from soaking up the saliva. Alvarez reports that new bread 
can pass the whole of the small intestine without becoming digested. 

(Observations upon a patient with ileal fistula.) 

As regards the duration of its stay in the stomach, bread leaves the 
stomach with good speed. A test meal of 2 oz. toast and 1 pint of fluid 
leaves the stomach in 40 minutes. Hawk and Bergheim report that 
100 g. of bread (3I oz.) leave the stomach completely in 2A houre. This 
period cannot really be regarded as long when one bears in mind the 
comparatively large amount of solid matter which bread contains. 
White bread is disposed of by the stomach rather more quickly than 
black (c.g. rye), but there is no appreciable difference in this respect 
between the behaviour of wholemeal bread and that made from fine 
flour. Biscuits must be regarded as considerably more digestible than 
ordinary bread in view of the large amount of solid nutriment which 

they contain. , . 

In the intestine the digestion of the starch and protein ot breaa is 

comi)leted, and absorption takes place. On the whole, white bread is 
ver>- thoroughly absorbed. Even when large quantities are consumea, 
the loss of nutritive constituents is only about as follows.^ 


Percentage 

Unabsorbed. 

Total solids 

Protein 

Inorganic elements -5 

Carbohydrates ..... 3 

> I rom the average of a considerable number of 
\t\v.iter, Zuntz and Mapnus-Lcvy, Goodfcllow and others. The quantit 
sumed were verv coii>iderable. amounting to from (too to looo g. per clay. 

2 The latest tigiires iiuotcd above, p. 273. give the loss of protein "tuch lo«er 
vu. «i per cent- for wlutc bread aiul 15 per cent, for 100 per cent, extra 

wholemeal bread. 
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It will be noted that a great share ol loss falls to tlie proteins. I his 
contrasts very strikingly with the case of moat, in winch t e protein 

is absorbed almost in its entirety. . 

The carbohydrate of bread corresponds to the protein of meat in 
passing almost completely into the blood. On the other lan , 1 is 
rather surprising to find that, of the comparatively sm amoun 
of inorganic elements met with in bread, one-fourth is excreted 

We have already {pp. 270-8) discussed the still hotly debated 
question of the relative nutritional values of white and w 0 emca 
bread. For the middle classes in peace-time this seems as important as 
the question as to which end you should open an egg. ic u urt 

seems to lie with a fortified bread. 

On the evidence, then, bread, unless it be new, is a highly iges 1 ^ e 
and absorbable food. It is unUkely to provoke any of the symptoms 
which wiU cause it to be labeUed indigestible. Even the eating of hot 
newly baked bread, so usual for breakfast in the United States does 
not seem to be followed by the symptoms which would be expected in 
this country. Four years’ residence in North America by one of us did 
not reveal more indigestion in that part of the world than in Great 
Britain. It was common once to speak slightingly o e men • 
stomach, but perhaps that term of abuse may be a owee o pass in o 

The Economic Value of Bread. Bread is among the 
foods. That is why it forms so large a proportion of the diet of ti t 

poorer paid classes. A labourer, doing heavy manual work “®>'y 
consume l lb. of bread per day. He needs cheap and easily available 
energy and that is supplied by bread. With so much more of our 
manual work being done by machinery and with an absolute rise in 
wages of the working classes we may expect the consumption of bread 
and other cereal products to decrease. This tendency 
this country between the opening years of the cen ury and the on - 
break of war in 1939- As war circumstances caused a fall m the fa 
ration, the other main source of Calories the consumption of bread 
rose again and in diets investigated by McCance and Widdowson before 
and after the commencement of the war the Calories obtained for 
carbohydrate almost exactly equalled those lost m fat. Bread, tlien, 

has its prime importance in supplying Calories. 

It is difficult in a time of fluctuating prices to give figures which will 
be accurate for more than a year or so. But it is easy to work out the 
cost per thousand Calories given tables and current prices, as shown 

in the table on p. 288. . 

Clearly bread and margarine helped down with a smear ol jam is 

the chc-apest way of getting Calories. 

Unj 
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Margarine at 2s. Y*er lb. produces Calories at 146 per |x?nny 


Butter 
Bread 
Cheese 
Milk 
Potatoes 
Jam 


I > 


> f 


» » 


» » 


1 1 


lOtf. 

4id. 

2 S. 2 d. 

IS. id. per qt. 
2d. per lb. 

25 . od. 


f f 


r » 


H 


if 


if 


I $ 


> f 


y I 


it 


9 t 


t y 


1 1 


it 


1 1 


it 


it 


It 


It 


76 
222 
76 
42 
128 

47 


In other countries other cereals may take the place of wheat products, 
but the reason is the same: cereals are cheap for Calories. That is why 
the Government in the Second World War kept the price of bread 
artificially low. 

Bread, too. is by no means a negligible source of protein. In fact a 
high bread diet entails a high total protein diet; i lb. of bread contains 
over 38 g. of protein, no mean proportion of the 70-80 g. held to be 
essential in the daily diet of an adult. In this no other cereal can equal 
wheat. And the cost of wheat protein is low compared wth that of 
other foods. Tltc serious defects of bread are its low calcium content 
and its total lack of vitamins A, C and D;' only in the vitamins of the 
B complex is bread of use, wholemeal being better than white bread. 
There is no escape from the fact that bread must continue to be the 
largest single element of diet, mainly, because of its cheapness as a 
source of energy. 

Of the patent and fancy breads as a whole it may be said that they 
are somewhat dearer than white or wholemeal breads. One pays for 
flavour and the patent rights. Even ordinary' wholemeal bread has 
ceased to be cheaper than white bread and cannot be recommended on 
that ground. Here arc some analyses of different breads from McCance 
and Widtlowson’s tables:* 

Composition of Bread per 100 c. 


• 

lYolcin. 

Tat. 

Carl>o- 

livdratc. 

Cal- 

cium 

1 

Iron 

Calories 

Calories 

peroz. 


F'- 

g- 

g- 

mg. 

mg. 



Bread; 








Currant 

70 

3-4 

45 'S 

37 

2-35 

23-’ 

00 

Hovis . 

II -4 

3-7 

40-6 

^7-5 

2-95 

232 

DO 

.Malt 

9-1 

3-3 

49 -4 

53-0 

3-21 

253 

72 

National Wlicatmeal 






1 

<>5 

S5 l>cr cent. 

100 

1 

I -0 

45-3 

22-3 

2-32 

229 ! 

NalionaP Wheat- 








incal, fortified with 








calcium 

«*5 

1 -2 

51-4 

570 

I -So 

260 

74 ■ 


* lint see c.xporimcnts quuicti p. lor luc \ainv ui — - 

children when made satisfactory by the addition of calcium, iron, and vitamins 

- MtC.VNCE, K. -A., and Widhowsox. E, M (11)42). C/ie»tical Composition of 
t oads. Med. Kcs. Council Special Keport ^35. 
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The most important preparations of wheat flour. 
are macaroni, spaghetti, vermicelli and the I a P , of 

made from flours rich in gluten derived froni a 

wheat, iriticum durum, whereas nowadays 

varieties produced by thousands of years ^ mlpare Triticmn 

controlled breeding and selection of strains of Jd 1 '™” 

durum is a hard, yellow, flinty wheat having ^ high prote m luid sugar 

content.* It needs a hot climate and is resistant 

from the endosperm of the wheat is made into a p ; „5 

the viscidity of the gluten then allows it to be 

The composition per 100 g. of products made from 

flour are given below. 


Protein. 

Fat. 

Carbo- 

hydrate. 

Cal- 

cium. 

Iron. 

Thiamine 

Calorii-s 

Macaroni (raw)- 

8 

i» ft ’ 

Vermicelli ,, * • 

g- 

. 10*7 
• ix'7 

. 12*5 

e* 

a*o 

2 -o 
0*8 

g- 

693 

77.0 

75-5 

iiu;- 

26 

26 

niK- 
I -4 

I -43 

pv- 

75 

3.i‘J 

35.5 

357 


The preparations when boiled take up a 

to Rubner. „rr.ivirations of wheat on the market, 

There are very many -ai of the bran removed or 

whether from whole '' 1 '^^*' commonest is Semolina, prepared 

from the endosperm. One h making puddings, 

from the endosperm of JarA whea^ U 

-....10,1 mo g. o, ana 
other preparations of ^ ,,.iieat in the form of shreds 

"■'w consbrs'otmaTted'^h^ wheat in the form of flakes, cooked 

^ /w“’ 0045). Medical Re«sircl. Council. 

. o, /.Wi, (1,44). MeCsKca an.l Wionowsoa. ,»ot. 

Htt. Council spec. litport 2.15 

4 Ouotcil from (*«'■>«)' ‘"®: 

I- McCanck, K. A-. and \Vir>i>owsoN. lb. M. (i04d. »/>• 
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Protein. 

Fat. 

Carbo* 

hydrate. 

Cal- 

cium. 

Iron. 

Thiamine 

9 

Calories 

1 

Processed Bran* 

. 10*9 

4-2 

54-5 

mg. 

98 

mg. 

12*9 

f'g- 

298 

348 

Germ* 

. 32 0 

77 

37-8 

58 

97 

2100 

Plakcd Wheat^ 

• 13-9 

2*3 

66*0 

34 

4-9 

40 

339 

Puffed ^ 

• 137 

2*3 

66*1 

34 

47 

15 

339 

338 

Semolina^ 

. 10*7 

1-8 

(> 9*8 

18 

1-0 

90 

Vita-wcat‘ 

. 9-4 

10*32 

68*1 

44 

3-4 


390 


with steam. It is easily digested, but not really of higher nutritive value 
than fine wheaten biscuits. 

Grape-Nuts is another malted preparation of the entire wheat berry, 
which requires no cooking. It contains a high proportion of soluble 
carbohydrates, as well as a considerable amount of protein. 

Besides these there are many other patent preparations too numerous 
to mention. It is not unfair to say that these patent foods are a means of 
selling cheap wheat products at an enhanced price to the pubhe,^ who 
])ay willingly for con^’eniencc, palatability and, possibly, imaginary 
medical values, what they would not pay for the straightforward 
virtues of the normal product. 


An.-^lyses’ 


l^rotcin. 

Fat. 

Carbo- 

hydrate. 

Cal- 

cium. 

1 Iron. 

Calories 
100 g. 

l-'orco 

Grape nuts 

Shred<lccl wheat 

1 

. 10*2 
12*8 
10*6 

I 9 

30 

2*8 

75-8 

71 *0 

79-0 

mg. 

66*3 

47*8 

34*8 

mg. 

3- 98 

5 *64 

4- 48 

4 

344 

345 

366 


0 .\TS 

(Jilts at first sight appear to be the most nutritious of all cereal^ 
i'Uvy are rich in nitrogenous matter and inorganic substances, and a 
peculiarly rich in fat, the only other cereal which can at all 
with them in that respect being maize. Carbohydrates are presen 
the extent of about 73 per cent. Further, of the total nitrogenous 
matter, 94 per cent, is in the form of proteins, two, avenalin and glm n. 
being soluble, and avenin, insoluble in water or dilute alcohol. es 
priiteins do not make a gluten with water. The distribution o e 

* .\tilfiliti Values of War-time liuxls. (1045), Medical Rcscarcli Council. 

- lv\ iilcntly fat is added in the manufacture. 

J M( C.\NCK, R. and M idpowson, E. M (i 94 -)- 
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WMmmM 

foods which contain some unc-acid orm (p ^ ^ y 

There are various of vlrioul 

instead of grinding. The gr p breaks down the 

jected between the rollers ™P Le more easily 

cellulose, and lication of heat during the rolling 

“« IfoiSr Ha^le to become rancid , 

^“?rr‘"C:”"frne‘’:rtrbSt & ^ these preparations. 
Quaker Oa ..provost Oats" are Scottish examples. Ihe 

com^oJito of some special preparations of oats is shown in the 
following table; 


Preparations of Oats 
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More modem analysis of ordinary oatmeal give the foUowing figures: 


Percentage Composition of Oats* 


Protein. 

Fat. 

Carbo* 

hydrate. 

Cal- 

cium* 

Iron. 

Phos- 

phorus. 

Tbianiine 

Calories 
per too g. 

IP 


g- 

ing. 

mg. 

mg. 

f*S- 

388 

fy 

12-1 

c> 

8-7 

b5-5 

55 

4 -* 

— 

450 

13-3 

8-7 

72-8 

55 

4-1 

3802 


408 


Oatmeal contains large amounts of potassium {368 mg.), magnesium 

(113 mg.) and sulphur {155 mg.) per 100 g. . / *• 

The composition of some oatmeals, when prepared ready for eating, 

is as follows: 


Percentage Composition of Rolled Oats when Cooked^ 


Water. 1 

Protein. 

Eat. 

Starch. 

Cellulose. 

Mineral 

Water. 

Quaker Oats . . 92*48 

Provost Oats . . 88*44 

Mother’s Oats . 89-72 

Oatmeal Porridge . 89 • 1 

1*65 

2-00 

I 92 

1-5 

032 

0*36 

0*45 

0*9 

1 

6*24 

9*00 

8-70 

8*2 

0*09 

o*i 6 

0‘15 

0*24 

0*24 

0*18 


The enormous amount of water porridge contains will be observed. 
A 7*oz. serving of porridge will contain but J oz. of oatmeal and supp y 
but 90 Calories. The value of porridge at breakfast lies in the additions 
of cream or milk to it. not in its intrinsic properties. In fact, because 0 
the difficulty in cooking oatmeal and its low Calorie value for its bulK, 
iiorridge is not to be recommended to the working classes. 

Owing to the absence of gluten, oatmeal can be eaten by ccelia^- 
For the same reason-lack of gluten-oatmeal cannot be made into 
bread, but bv mixing fine oatmeal with an equal quantity 
flour, however, a fairly good loaf can be obtained. A given weight 0 
oatcake (made without butter) contains rather more than twee as 
much building material as an equal quantity of bread, and has aimosi 

twice as great a fuel value. , 

Oatmeal requires to be very thoroughly boiled in order to solten tn 

cellulose which it contains. •'Brose,” which is made by merely stimng 
oatmeal into boiling water, is not a food for delicate stomachs, as 


1 Nulrilive Values of War-liwe Foods. (i945)- Res. Council. 

a 70 ncr cent . i.c. 266 mR. is phvtate phosphorus. McC.\ncb. R- A-, an . , 
DoJsoS EM. (1942). Chemical Co>„poJtion o/ Foods. Med. Res. Counal Special 

Rep. 235- 


3 Williams. (1907). J. Amer. Chem. Soc.. 29. 
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regards the absorbability of oats. 
mide from roUed oats, even if taken m 

cent, of its fat, and 96 per cent. in the 

whilst 92 per cent, of the energy ^ ^ j^l^ed by bread, 

body. This compares ^ery favourablyjth 
On purely chemical grounds, oats compare 

a source of nutriment. 

Maize (Indian Corn)® 

Mai^e is not so ‘"e arttde o“ 

that country.® . ,„ •*„ nutritious as wheat 

Chemical analysis shows It is Hcher^^ fat than any 

in all except its '"“X'ninP^ twice as much of this imiiortant con- 
cereal except oats, containing timps as much as rye. Its pro- 

stituent as wheat or barley, an re ^ jg into bread, 

teins do not .aUcr it is slightly 

lrowtu^?ctor'‘;S; o^ ryJ. The average percentage conrposition 
of maize products is: 


Whole grain 

average 
Whole maize meal 

Bolted ,, 

Whole wheat flour 

White „ 


Protein. 

9.3-12-8 

10*3 

9-2 

90 

133 

10-5 


Fat. 

Carbohydrate. 

4-2-5-4 

80-1-85-1 

4-8 

73-5 

3*9 

73*7 

3-4 

74 -5 

2 0 

71-0 

l 0 

761 

of maize 

stand high in 


Ash.-* 
I-.1-I-7 
1-4.1 
I -2 
I -I 
1-7 
0-43 


timiiPh zein one of them, is deiiciem in uyiuop.auv, 

Ind cystine Maize 'contains mucli calcium magnesium mos.tol hexa- 

’’^The'di^-ase pellagra has been in the past associated with the con- 
sumption of miize, though it may occur when no maize is taken m the 

1 US Dent of Agriculture. Bull. loi, 1901, p. 47 (Off- of Experiment Stations) 

2 Po^mch pracUcal information on the use of maize as a food, see Mm» and 
\faiie Utels P.A.O. Siilritional Studies. iio.t), i95i- 

8For det^dls of the milling of maize, sec Kent-Jones. (i939). ^‘oden, Cereal 

phosphorus, of which 58 per cent, is phyUte phosphorus. 
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diet. Maize has an anti-nicotinamide present in it; its tally of nico- 
tinamide is low; it has but small amounts of tryptophane in its protein 
as a source of nicotinamide. There is no reason to believe that the 
consumption of maize induces pellagra so long as the diet is satisfactory 
as regards its vitamin content. 

Maize is prepared for food in many different ways. In Ireland it is 
made into a sort of porridge, called stirabout, or, in the more expressive 
phraseology of America, mush. In Northern Italy and the South T5T0I 
it is prepared in a similar way. but with the addition of cheese and 
other ingredients. Maizemeal is prepared by grinding after removal of 
the germ and husk. A yellow and a white meal are thus prepared, but 
there is no difference between them as far as nutritive value is con- 
cerned, except that there is a precursor of vitamin A present in the 
yellow meal.i Fine maizemeal is more gritty than wheat flour, but when 
mixed with the latter its presence can hardly be detected. Wheat flour 
to which maize has been added yields fewer loaves than an equal 
(juantity of pure wheat flour, and the bread produced is moister than 
wheaten bread, and has a tendency to be sodden. An addition of 10 per 
cent, of maize flour is calculated to mean a reduction of five loaves 
the sack. Owing to the absence of gluten, maizemeal cannot be used 
to make ordinary bread, but it is often baked into cakes of various 

sorts. 

An example is the tortilla of Mexico, Central and South Amenca. 
In Mexico the maize is treated mth lime water and heated to about 
So’ C. for a short time. After standing overnight, the maize is washed, 

dried and ground. It is formed into round flat cakes. 

\’arious cooked maize preparations are eaten in the United States 
but have found little favour in Great Britain. Examples are ‘Tndrn 
pudding/' a porridge made of maize meal; “Hoe cake, a bread ma e 
witli maize meal or flour and hominy, the endosperm of the maize 
ground after removal of the bran and the germ. 

Cornflour is prepared from maize by washing away the pro^ and 
fat by means of dilute alkaline solutions, so that little but 
Modern analysis shows but 0-6 per cent, protein (McCance and 1 

dowson) . . , 

Sucli preparations must therefore be regarded simply as agreeaDie 

forms of starch, well adapted for food, provided they are taken along 

witli some protein and fat carrier, such as eggs or milk, but by no means 

to be recommended on economic grounds. 

A special small variety of maize is called in America pop-corn. 
When roasted it swells up and ultimately bursts. In this form it is 
known as “popped pop-corn," and is the basis of various sweets.* 

4 9 ♦ • ♦ 

> Steenbock. Houtwell. ami Kent. (lom), Joxtrn. Biol. Chem. 41, xu.-xin. 

2 .Vnalvsis bv .\tvvatcranU Wood. 
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Composition of Pop-cokn 



Raw. 

Water 

. 10*8 per cent. 

Protein 

. 1 I ‘2 

Fat 

5*2 

Carbohydrates . 

• 7i'4 

Mineral matter 

1-4 


Popped. 

4- 3 per cent. 

10-7 

5- 0 ,, 

787 ,. 

1-3 


It is thus a valuable food. . * 1 

Corn Flakes^ consist of cooked maize which lias been , 

maU-honfy, dried, rolled and baked. It is a nutntious and digestible 

• ” is a special variety of maize, containing 

It is cooked while still green, and forms a sweet and su««len » 
table" much esteemed in America. It has made i s \va> 

® "Maize is not only a highly nutritive cereal from ‘"c du^ist’s ^int 
of view, but has the further advantage of being very "’f" '‘"'^“d^^'h 
human body. Experiments show that its cnebohydrates are almost 
completely absorbed, whilst the proteins are only slightly 

Th^Ts'mdo high When used 

in“t Jntrth‘’other foods. It is only when it forms a large per- 

sTivf ?.-5. 

B.XRLEY 

husk and ^ "patent" barley. The former consists of 

the form ,, the husk; the latter is simply 

prarTbt'ley ground into flour. The following is an analysis of pearl 

barley by McCancc and Widdowson: 

I iiattlc Creek Sanitarium Company. Ltd. . 

. nurNE; (.87,), /. /dele*-. » 5 . ..5. Also sec U S, Dept, ol Agnclturc. 

l-armer*’ Lull, (u,o^). 298. 
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Moisture .... io-6 per cent. 

Protein . ®‘4 •» 

Fat • ^’7 ” 

Carbohydrates . . .81-3 

Calcium .... 97 mg. per cent. 

Iron ..... 0*67 ,, .. 

Phosphorus . . . • 206-0 ,, 

It has 120 /ig. thiamine Bj (=approx. 40 I.U.) per 100 g. 

Barley contains but little gluten,^ in consequence of which its dough 
is too “hea\7” to make good bread. When mixed \vith half its weight 
of good wheat flour, however, barleymeal can be converted into good 

enough loaves. 

Barley once on a time was largely used in place of wheat in the 
North of England, but to-day has practically been displaced. 

As an article of diet in the sick-room, barley finds its chief use as 
the main ingredient of barley-water, a preparation which contains, 
however, but ver^' little nutriment, as the following analysis by Wynter 
Blvth shows. 2 


Water 

Composition 

OF B.\ri-ey Water 

99-27 per cent 

Fat 


0-02 

Protein 


0-03 

Starch . 


0-39 

Sugar . 


0-05 

Inorganic substances 

0-03 


It is chiefly of value on account of its demulcent properties and 
makes a jicasant drink with orange or lemon juice. 

Rye 

Next to wheat. lye is the great bread-making grain of the world. 
Its content of gluten is low (though enough to upset a cosliac) and as 
a result of this the bread derived from rye is moist and dense. An 
extreme example is the black bread of North Germany. 

The composition of the different flours derived from r\’e varies very 
considerably with the fineness of milling; but fine rye flour is muc 1 
poorer in protein than flour of a similar grade produced from wheat. 2 

Fine i^’e bread is therefore inferior as building material to wheaten 

• Not enough to upset a cculiac. 

“ .V series of analyses by Corlettb {Auslralasian Med. Gazette, i905« *4'T| 
l>arlfv-water prepared from two heaped teaspoonfuls of pearl barley to a p>n^ 
water shiiwed that the average amount of starch in the product was 2*03 per cen . 

^ Kent-Jones. (1930). Modi rii Cereal Chemistry, 3rd edn., 84 and S5. 
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bread, but it is somewhat superior in this respect to bread made from 

"'The digestibility of fine rye bread is about equal to that of good 
wheaten bread, but the 

Sy" L compared with^ao per cent, .n white bread, 

composition: 


Water 
Protein . 

Fat 

Carbohydrates 

Calcium 

Iron 

Phosphorus 


5 '9 per cent 


7-4 

2-1 

86-8 

40-5 

3-73 

295 o 




$ I 

mj'. per cent. 


j » 


f ( 


It has a Calorie value of 373 per 100 g. or 106 per oz. 

preferable, therefore, to cook it by steaming. 


Water 
Protein 
Fat 

Carbohydrate? 
Calcium 
Iron 

Phosphorus 


Composition of Boilfd Rick* 

69-9 per cent. 

2*3 

0-3 
29-6 

I '3 mg. i>cr cent. 


016 
34 o 


1 t 


$ * 


> « 




Uice leaves the stomach somewhat slowly, 2 j os. cooked by boiling 
(i.e abLt two-thirds of a full soup-plate) requiring 3I 

Onthe other hand, rice is absorbed with very great completeness in 
the intestine- indeed, its soUd constituents enter the blood almost as 
completely ai those of meat. This is to be attributed to the comparativ. 
abseme of cellulose. Practically none of the starch is lost, but the w.-i-stc 

1 Analysis by McCance and Widdowson. { 1942). op. cit. 
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of protein amounts to 19 per cent.' It follows from this that rice is one 
of the foods which leave the smallest residue in the intestine, and this 
gives it a considerable value in some cases of disease. As it has no 
gluten it can be eaten by coeliacs with impunity. 

Extensive investigations into the use of rice of different degrees of 
milling have shown that the digestibility and utilization of rice are 
always better when the grades of milling are raised. For example, 
97 per cent, of the energ>' theoretically available was utilized when the 
rice was fully polished; when unpolish^ only 90 per cent.* Rice contains 
about as much phytates as wheat. 

'"The nutritive value of rice is much impaired by its poverty in protein 
'' and fat. Hence it is not adapted to be an exclusive diet, but should be 
eaten along with other substances rich in these two elements, such as 
eggs, cheese, or milk. It is interesting to note that in some countries in 
which rice is largely used as a daily food this is actually done, as in the 
Italian Risotto, the Turkish Pilaff, and the Spanish "Polio con Riz." 
Even as regards carbohydrate it would require about i lb. 3 
to furnish the daily need of an active man. This would entail the 
consumption of about 5 lb. of cooked rice daily. It is worth observing, 
too, that in Eastern countries in which rice takes the place of bread it 
is eaten in a much drier, and therefore more concentrated, form than it 
is in Europe, and with the addition of various sauces and condiments 
to give it flavour and promote its digestion/ 

The association of disease with the consumption of large amounts 
of a highly milled cereal has its classical illustration in highly milled 
rice. Where polished rice (i.c. rice with the bran, the embryo and the 
“silverskin" removed) is the staple food, there beri-beri appeals. In 
the \-ery poorest classes in the Far East who cannot afford the highly 
milled rice, beri-beri is rare; while beri-beri can- be prevented or cured 
by extracts of ricc-bran. There is an intermediate method of processing 
rice in which it is first parboiled and then the bran removed. In this 
process some of the antineuritic principle migrates into the endosperm 
— sufficient to prevent the appearance of beri-beri when this product 
is the main food eaten. 

In the poorly nourished parts of the world where rice is the staple 
food this is of immense importance and as an interim measure the 
retention of the antineuritic principle in the rice eaten should, if 
possible, be made compulsory. The long-term policy, however, should 
be to promote a higher standard of living. In countries where rice forms 
but a small part of the diet, as it does in temperate climates, the 
amount of milling appears to be of little importance. 

• Ki‘M.\G.\w.v. (i8<Sq), I'iicliow's Archiv.. Il6, 370. 

2 T.xdasu Saiki. (192b). Progress of the Sciencf of Sulrilioii in Japan. Publica- 
tions of the League of Nations HI. Health, 3, 25. 
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'Billet and buckwheat 


Millet and Buckwheat 

These cereals^ are not used as human food in this country, although 
they are by no means of low nutritive value, but stand midway in 
that respect between wheat on the one hand and nee on Jhe other. 
Millet is freely consumed in Africa, being the staple diet of the negroes 
of the Upper Nile, and in some Southern European countries, whde 
in China it is used to make bread though it contains no gluten. The 
dhoora (sorgho-grass), or Indian milkl. is of very similar composition. 
The following is an analysis of it given by Church. 


Composition 

Water 

Protein 

Fat . . • • 

Carbohydrates 

Cellulose 

Inorganic substances 


OF Millet 

12 -2 per cent. 
8-2 .. 

4-2 .. 

. 70*6 ,. 

. 3-1 •• 

1-7 .. 


Buckwheat is about equal in nutritive value to millet, but contains 
much more cellulose (to per cent.). It is usually eaten in the form of a 
porridge or fritters. Its proteins do not form gluten. In this country, 
fhough ple.asant, it is hardly ever useil as human food but it is freely 
consLcd in Brittany and Holland, and in some parts of the United 


States, 

The published analyses of 
Four are here given: 


buckwheat are somewhat 


discordant. 


Composition of Buckwheat 

Atwater and 


Church* 
(grain husked). 


Water 

134 

Protein 

‘5-2 

Fat . • • • 

3-4 

Carlxihydratc 

63 *6 

F"ibr<! . . • • 

2‘1 

Inorganic substances 

2-3 


yden® 

Bryant* 

Plimmer’’ 

(flour). 

(flour). 

(grain). 

142 

13-6 

12*0 

tjZ 

(>•4 

1 2*1 

!•« 

I -2 

1-9 

73-3 

77-0 

62 *3 

0-8 

0-4 

8 *9 

I -2 

0*9 

2 *2 


The Pulses 

(in this group arc included peas, beans, and lentils, and their allies. 
The edible parts of these resemble the grain of cereals in that they are 

* Buckwheat is imt strictly a ccrciil. hut lK;h>ngs to the Polygonaccaj. It is 
considered licrc for tonvenieuce. 

* l-ood (l8<j8). Chapman aiul Hall, lx*iidoii. <j3. 

^ I^ydeii’9 Handbuch dtr l■'rndl^rllugs 'I'herapie. {iyo3)- edn.. i. 

■* Atwatek and Ukva.nt. (i<,K>h). U.S, Dept, of Agriculture, Biili. 28. 

A I'LiMMKR. (1921). Analyiei and Energy vaUtts of Foods. 
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to be regarded as storehouses of food materials for the young plany 
Though regarded as "vegetables/’ i.e. things to serve with the joinT 
they are really more valuable as sources of (i) energy and (ii) proter^ 
so that physiologically they belong to this and the next section of this 
book.d*hey do also supply vitamins of the B complex, iron and some 
calcium and phosphonis. Their defects are (i) that they contain no fat 
(with the exception of the soya bean) and (ii) on cooking they take up 
so much water that they are bulky foods. The proteins in the pulses 
var>' in nature slightly according to their origin. They are mainly 
globulins, being insoluble in water, but water soluble albumins are 
present. The globulins of pulses are distinguished by having more 
glutamic acid in their molecules than animal globulins but distinctly 
less than the main proteins of the cereals. Their content of the sulphur- 
containing amino acids is low, while arginine is often high in amount. 
The proteins of the pulses are very satisfactory sources of phenyla- 
lanine. arginine, histidine, and lysine, moderate as regards cystine and 
tyrosine, while trytophane is present. ^ Their biological value, which is 
increased by cooking, ranks below that of the cereals. « 

The pulses are well supplied with carbohydrates, but because of their 
lack of fat go well with fatty foods (e.g. bacon and beans, pork and 
pease pudding), and are improved by being ser\'ed with sauc(» con- 
taining butter, or cooked with oil. They also possess a bitter principle 
which renders them unpalatable to many persons. Dried peas and beans 
require prolonged soaking in order to soften their skins. Even haricots 
in which the skin is comparatively thin, require about eight hours o 
soften. The water in which they are soaked should contain a sma 
amount of soda, but not so much as to destroy their thiamine. A 
negligible amount of protein and sugar is lost by this soaking which, 
however, has the advantage of removing most of the bitter principle in 
the seeds. The amount of water taken up is very great\ The proportion 
of water in dried haricot beans, for example, rises as the result of soa * 
ing and boiling from 14 per cent, up to 73 per cent., and in the case ot 
j^eas the increase is from 97 up to 86*9 per cent . 3 This increase in wa er 
entails a corresponding increase in the weight and bulk of the food, an 
must alwa>'s be taken into account when comparing the re a ive 

nutritive values of the pulses and meat. 

The ]>ulscs are uot readily digested liy the stomach. As Galen sai • 

' I hcy are liardcr to digest than other foods and give bad dreams. 
This is no doubt partly owing to their bulking when cooked. us 

' Osborne. (10^4). The Vegetable Proteins. Longmios, Green & Co. 
iioAS-l'ixsEN. (1034-5). 4, 447. \ 

> .\naly.scs by \Vilu.\ms. Journ. ofChcm. Soc., Ai, 

u)) approximately 2 oz. of water. McC-nste anti Wiudowson. (1942). • 

Cou^hH Report, ^ 35 * \ 
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after 5J oz. (150 g.) of lentils in the form of a mash, or about a soup 
plateful, had been eaten the stomach was not completely empty in 
4 hours, and 200 g. of peas in a similar form took 4^ hours. An equal 
weight of French beans (haricots verts) remained rather longer even 

than that. , . . ; • 

If properly prepared, the pulses are digested and absorbed in the 

intestine very thoroughly. Thus the protein of pea or lentil flour is all 

taken up except about 8 or 9 per cent.* when 200 g. (7 oz.) are giveii 

dail^Evcn when the amount given was as much as 600 g. (21. oz.) 

the l^s was only as follows: 2 


Dry substance 
Protein 
Carbohydrate 
Inorganic material 


yi per cent 

* 7-5 
3 b 
3^-5 


j • 


This shows that the protein of the pulses, if given in a state of hne 
division, is capable of very good absorption. On the other hand, the 
loss is very much greater if the food given is coarse. It was found, 
for example, that if the lentils were simply boiled soft and taken along 
with broth, the loss of protein rose to 40 per cent. It will be noted that 
there was a small loss of carbohydrate even on pea flour. The amount 
of it. however, is less than from potatoes or carrots, but more than that 

^'^^Ext^nsiv^Tnvestigations on the absorption of different forms of 
legumes have been made in America, a They showed an average absorp- 
tion of 80 per cent, of the protein and 97 per cent, of tlie carbohydrates. 
These results are very favourable when it is remembered that the 
legumes constituted the major part of the diet in the subjects studied. 

V/ie nutritive value of the pulses js undoubtedly high. They yield 
abo-lTl -331 Calories jier 100 g. (94 per oz.), and they have considerable 
value as sources of protein, although the comparative deficiency of tlie 
nrotein in suhihur containing amino acids probably lessens its value as 
a source of building material. It would require about 400 g. (14 oz.) 
of pea flour to supply the amount of protein required daily for an active 
man. Suppose this were to be given in the form of pea soup. A good 
thick soup would contain 16 g.— a level tablespoonful — in each plate. 
The protein value of this would be equal to less than an ounce of meat. 
Twenty-five platefuls of such a soup, then, would require to be taken 
in the day*N3y making the soup with milk instead of water an excel- 
lent plan^he amount of protein in it would be trebled, and eiglit 

l)latcfuls would suffice. 

‘ StkOmpell. (1876), Deut. Archiv.f. Klt». Med.. 17. 108. 

UuDNER. {j88o), Zeit. f. Diolog.. i6, 119. 

3 Stxidies on the Digestihility and Nuiriiiv< Valiu of Legtwus. (1907)^ U.S. 
oi Agriculture, Bull. 187. 
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6lie 400 g. of \wd flour would hardly, however, contain as much 
carbohydrate as is required, and would be very deficient in fat. These 
deficiencies would have to be made good by the addition of some other 
articles to the diet, or by increasing the amount of pea flour consumed. 
As a matter of fact, it has been found that when the quantity of peas 
eaten amounts to q6o g. (34i 02-) the 24 hours, all the demands of 
nutrition as regards Calories and protein are satisfied;' but it is very 
doubtful whether anyone could go on consuming this quantity for any 
length of time. Hence while the pulses are most valuable sources of 
Calories and protein, they are not adapted to be the exclusive diet of 
health. As a cheap and efficient metliod of supplementing the deficiency 
of nitrogen in a purely vegetable diet, however, their use is strongly to 
be recommended, and it is a pity that they are not more largely taken 
advantage of by those to whom economy is of importance, for unques- 
tionably the pulses are amongst the cheapest food^and a given sum 
will yield more protein, if invested in them, than in any other way. It 
remains to add a few words about the individual members of the pulse 
group. Their chemical composition is showm in the table on page 303. 

(Jl'he garden pea {Pisttm sativum) is eaten either fresh {green peas) 
or'dried. Green peas cooked in the usual way contain about 8 per cent, 
of carbohydrate, of which a considerable projwrtion is sugap Of beans 
there are .se^■c^al edible varieties. The French or kidney bean (Phascolns 
vulgaris) is eaten cither in the young state along with tlie pod [haricots 
verts), or the seeds are consumed alone either fresh or after drying 
[haricots blatics). The amount of cellulose in the pod causes it to be 
digested and absorbed with difficulty, and on that account it is a 
wasteful form of food. Allied to the French bean is the scarlet runner. 
[Phaseolus multifioriis), the dried seed of which when stewed con- 
stitutes “Turkish beans." The broad or Windsor bean [Faba vulgarts) 
is eaten either in the fresh or dry state. It is a frequent cause of ailer^ 
when eaten in large amounts.s a' coarser variety of the same plant is the 
horse or field bean. It is not usually consumed as human food. 

The Lentil [Lens esculenla) is richer in protein than either the pea or 
the bean, and. as a rule, the smaller varieties of it are richer in that 
constituent than the larger. Egyptian lentils are amongst the best. 
Lentils contain little sulphur, and are more digestible and le^ apt to 
ca\ise flatulence than either peas or beans. The ash of the Egyp 
lentil is particularly rich in irojjJ 

The 5 oya Bean [Glycine hispida) is one of the pulses which spr^g 
into remarkable prominence in this country and elsewhere during t e 
second World W'ar, though it has been used for many centuries— as 
early as 3000 B.c. — in China. According to Sir John Russell it canno 
be satisfactorily grown in the uncertain climate of Great Britain, e\en 

^ KunNER. he. lit. “ Lamet, 2 , 164. 
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\ 



Wfd 


1 McCance. R. a., and Widdowsos. E. M. (1942). Res. Council Special Report. No. 235- 
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if the rapidly ripening varieties developed for cultivation in Manitoba 
be utilized. It needs a hot dry summer. Its original source is Manchuria, 
but it is now successfully grown in central Europ>e, the U.S.A. and 
Canada and in the Dutch East Indies. 

f^t is remarkable among the pulses in its high content of protein {29 
to'so per cent.), its fat (13-5 to 24 per cent.) and the replacement of 
starch by dextrins (4*65 to 8-97 per cent.) and by sugars (5 *65-9 *46 
j>er cent.). On account of the absence of starch it has been mistakenly 
used as a substitute for bread in diabete^ 

In China and Japan it is extensively ea^cn in the form of soya cheese 
and as various sauces and pastes, all of which are rich in protein and 
therefore fitted to supplement the deficiencies of rice. It has also been 
used for centuries by millions of people in the Far East in place of 
cow’s milk, and it can, in part, replace milk in diet of infants.^ Aykroyd^ 
in experiments on the growth of mission-school children in India has 
found that soya bean is disappointing. Addition of it to the standard 
diet caused no increase of growth rate, whereas skimmed milk powders 
produced a marked improvement. None the less a mixture of soya and 
wheat flour receives the blessing of Dr. Harriette Chick^ and also of 
Dr. R. F. A. Dean, who has used it for feeding undernourished babies. 

There is a preparation of soya bean on the market from w’hich the 
unpleasant beany flavour has been removed. This is Soyolk. It is 
intended for mixture with ordinary flour in the making of scones, buns, 
])astry and bread, for which purpose it is excellent, giving a broi^ 
glazed appearance which is much prized. It has 44 per cent, of protein, 
20-6 per cent, of fat and 25 per cent, of carbohydrates. Its percentage 
of calcium (0-3) is more tlian double that of milk. Dried so5'a bean milk 
forms the basis of a food beverage called Vitone. 

-^thc Peanut {Arachis hypogma). although botanically one of the 
pulses, really resembles more closely the true nuts. Like these, it is 
rich in proteins and fat, containing about 25 per cent, protein and 48 to 
54 per cent. fat. Its carbohydrates are only 1 1 per cent. From the dis- 
tribution of the amino acids in the two main proteins, arachin and 
conarachin. they should have a good biological value,* though they 
possess but little methionine.* The fat expressed from the nut is used 

in the manufacture of inargarin^- 

Peanuts are not an important item of diet in this country, thougli 
tliey arc eaten largely in the United States and Canada, either roasted 

‘ KiTTiNGER. (i935).7om»«. o/yed.. 6, 517; AUckay. (1940), JrcA. Dis. CAiWA., 
• 5 ' 

'i .\vKROVD and Krishn.xx. (1937). J- 

3 CmcK. H. {1051), Brit. Jniint Ntilr., 5, 261: and Dean. R. F. A. (i95>)- • 

5. 

* Traill. {i 945). Cheui. and InJ.. 58, 

» Tkti.ow, \V. E. (1950). Joitru. Set. of Food atul Agrk.. i, I93- 
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or in the form of peanut butter, a comestible which has made its way 
into Great Britain during recent years. Agriculturally the pea-nut crop 
is becoming one of the most important crops of the world. 


From their analyses given on p. 305 it appears that nuts are a valu- 
able form of diet. With the exception of the chestnut they have a high 
Calorie value, approaching or exceeding that of cheese and bacon; a 
high protein value, with the exception of chestnut, cob nuts and coco- 
nuts: the calcium values of almonds, barcelonas and brazils are high 
but partly offset by their phytate phosphorus and they have been 
credited with ascorbic acid though this may be an error. 

But in dietetics, at any rate in the British Isles, their contribution 
to the diet is almost negligible. This may be due to lack of fashion- 
demand except among vegetarians, to the large amount of waste as 
purchased (except in the chestnut) and to their reputed indigestibility. 

This indigestibility is due in part to their richness in fat and to their 
compact framework of cellulose. By thorough mastication this difficulty 
can be overcome to some extent, but is still more efficiently dealt 
with by artificial grinding and cooking. Various preparations are 
on the market and can be found in shops which supply vegetarians. 
The fibrous nature of nuts irritates the pharynx and consumptives and 
others with respiratory diseases should avoid them. 

A few experiments have been made on the absorbability of nuts. 
In one which was carried out in America,' and in which the subject of 
cxpi-rimcnt lived solely on a diet of fruit and nuts, it was found that 
82 -5 per cent, of the protein, “ 86 -9 per cent, of the fat, and 96 per cent, 
of the non-nitrogenous matters were absorbed. This result compares 
favourably with the absorption of an ordinary mixed diet e.xcept that 
it reveals a rather greater waste of protein, and shows that it is quite 
jjossibie, for long periods even, to supply the requisite protein and 
energy from a diet made up of selected fruits and nuts. Fine division 
greatly aids their digestibility. 

Of all the members of this class of foods, the chestnut is probably 
of the greatest general value as an article of diet. It is peculiar amongst 
nuts in containing a high proportion of carbohydrates along with a fair 
iunount of protein and fat, as is shown on p. 305. Roasted chestnuts 
have 40 per cent, water. Those cooked by boiling have 72 per cent. 

' Sutritiou I nvesUgatioKs among Fruitarians and Chinese, U.S. Dept, of 
cnitiirc. (lyoi), Dull. No. 107. For later experiments, which, however, yielded 
!>uh^tantially the same results, see .Vh/s and their Uses as Foods. (190^)* harni*-'*’* 
liiill. No. 33^, also C.ajori. (1918). Journ. Home Econ., 10, 304. 

- So far as it has been investigated, the biological value of nut proteins is low, 
c\en below that of Icguines. Bo.\s-Fixses. (i934-.i). 4 , 417- 
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An economic point in favour of chestnuts also is the fact ‘>1 ^ 
area of ground produces perhaps the maximum amount of human food 

when planted with chestnut-trees. v,v tho 

The great value of the chestnut has been fully recognized by the 

poorer peasantry of Central France. During the autumn and winter 

ft”; often maJtwo meals a day from it alone The 

bv removing the outside shell, blanching, and then steaming, ^aU mid 

miirmradded when they are eaten. Sometimes they are ground after 

blanching, and the meal made into flat cakes. c.TPriallv 

The almond is another very valuable form of m.t^be mg ^ c all> 

3“ “ v“ 

No%ther vegetable substance fatty prmitrilns which are 

taken of this to prepare from kbehen Advertise- 


The Potato 


a. Skin; b. 



Fio. 14.— Cross Section op a Potato. 
Fibro-vascular layer; c. Outer zone ot flesh; d. 


Central core. 


Next to maize the potato is the most valuable food contributed by 
th^Westem Hemisphere to the Old World. In fact to Furope it is the 
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most important contribution made, and the varieties evolved from the 
original source are legion. The potato is the swoUen underground stem 
of the potato plant in which it stores its nutriment for use of the 
young plant. 

The potato originated probably in the Andean uplands and was first 
cultivated, mainly as a curiosity, in Europe near Seville in 1572. Its 
introduction into England in 1586 is attributed to Sir Walter Raleigh. 
To-day scientific agriculturists' have returned to Peru to obtain 
material for breeding experiments and so evolve potatoes resistant to 
disease and frost. Although introduced so long ago. it took two centuries 
for its use to become at all common. Ireland was the country where it 
first became popular, and such an exclusive hold had it in the dietary 
of the Irish that potato disease, rampant in the years 1845 to 1847, 
caused famine in that country and led to the repeal of the Com Laws 
in Great Britain. 

If a raw potato be cut across with a sharp knife, three distinct layers 
can easily be made out (Fig. 14). These are (i) the thin outer skin. (2) 
A broader layer inside the skin called the *'fibro-vascular layer." It 
contains a small amount of pigment, and turns green when exposed to 
the light. This w’as supposed, on inadequate evidence, to make the 
j)otato poisonous, (3) The flesh of the potato, which makes up the rest of 
its bulk. On more careful inspection this is seen to be divided into a 
central core and an outer zone whicli surrounds it. 

These different layers have slightly different compositions but too 
much has been matlc of tliis fact. Rats fed on potato peelings grow no 
better than those fed on the flesh. 

If tlie fl<‘sh of the jiotato is squeezed it can be separated into a solid 
part and a juice. The former consists mainly of starch; it has only 15 
per cent, of the nitrogenous matter. The juice consists of water holding 
in solution nitrogenous matter and salts. It contains fully 85 per cent, 
of the total amount of nitrogenous matter present in the potato. 

It must be clearly realized that by no means all of this nitrogenous 
matter is j>resent in the form of protein. Of the total amount of nitrogen 
in a {)otato, only 28 to 51 per cent, is contained in proteins, the re- 
mainder being simple nitrogenous bodies such as asparagine, glutamine, 
arginine and choline. 2 Potato proteins liave a high biological value 
which is enhanced by these nitrogenous extractives. 

The richness of the potato in starch is its most striking chemical 
characteristic, and causes it to be one of the chief commercial sources 
of that substance. Dextrin and "British arrowroot" and many other 
things are prepared from it. The starch grain of the potato is of specially 

* Stv S.\L.\.M.\N, R. S. Ii'i33), litem, and Ind.. <toj. 

2 Neuberger and Sanger (1942). Biochem. Joiirn., 36, 665. See also Chick, 
H,. and Sl.kck, E B. ( 1949 ). ibid . 45. 211. 
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large size, but unless cooked it is not easily digested and absorbed by 
the^body, and it causes much flatulence.* Owing to their readiness t 
undergo^ fermentation potatoes should be avoided m conditions sue 
as dilatation of the stomach. 

Potatoes are one of the chief sources from which obtain 
salts Part of it is united with citric acid. Potatoes, like all tubers. ma> 

have their composition modified by the mode 
Plain boiling removes some nitrogenous and 
leaves the starch practically unaltered, as the followmg figures shon . 



f. per 100 g. 






Avail- 


K 

Ca 


Protein. 

able 
Garbo- 
bydr ate 

Na 

1 

Potatoes, old, raw . 

21 

20 S 

e*5 

068 

7-7 

,, old, peeled and 

boUed 30 mins. 

1*4 

10*7 

3-4 

323 

4 3 


ms- 




Fo 


0-7& 


S43 
\:>-o 1 0 ' 4 ? 


Cu 


0 1.') 
Oil 


40 % 
00 0 


Cl 


7 $ 0 
40 ‘7 


As we eat potato^ rdlhllndJs'tLTs^riiirsemateria.s, which 
nitrogen, potassium • packets does not matter, 

can be largely obviated ^ng m pmkets, ^ 

There is a loss of --.mine * However 4i to $1 oz. of boiled 

and of one-quarter of acid -a day’s ration— so that the 

new potatoes give 30 mg^ Railed old potatoes yield 0-9 fig. of thiamine 
loss is not very "nsfrv“^^^ boded in the^r jackets, 

per g. More would be co ^ shortage of potatoes 

Mention ^ is followed invariably by outbreaks of 

due to it is probable that the potato is the main source of 

scurvy, so that it ‘s p majority of potatoes contain 

ton^"ro\?5T™g -mbi: a^cTper'' .oo\ (3i oz), and 
anything from 10 to 53 g ^ i^ 

the pe|-so ^ quantity of ascorbic 

will^be taken every day. From March onwards the old potato 
acid will be tak Y Steaming, keeping them warm for a 

contains o ^ ^ ^ P^^^^ cLking them in a haybox, i.e. "fireless 

rooker " result in m^h greater destruction, so that no one living much 
in hotels or public institutions or feeding in restaurants should trust 
the cooked potato as an adequate source of vitamin C. 

1 LANOWORTIIV and Merrill. (i 9::4). U S, Dept, of .\gricuUare. Bull. ...3. 
sMcCancb. R. a., and Widdowson, E. M. (194J). Cohhc./ Iief >. 

No. 235 , . 

3 OLLIVER, M. (J93O). Chem. and Ind.. 55. i 53T- 

* Baker and Wright. (i935). Piochem. Journ.. 29. «So2. 

* The Sulritive Values oj War-time Foods. (1945)- 
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The composition of fried and roast potatoes is as foUows:^ 


1 1 

. i?. per IfH) g. j 

1 

nig. per 100 g. 

■ ■ - 

1 

1 

lu- 

tein. 

VaU 

Avail- 

able 

Garbo* 

b>*dtate. 

Na 

1 

K 

Ca 

1 

Mg 

1 

• 

Fe 

1 

Cu 

1 

P 

Cl 

Frirt) . 

Roast 

1 

a *8 

1 

90 

10 

37-3 

27 *3 

mg. 

11-7 

8 6 

1020 

740 

13-8 

10*1 

* 

43*3 
32 0 

1 

1 

1-30 

0-99 

1 

0*27 

0*20 

72*2 

53*0 

140 0 
103 0 


The digestibility of potatoes in the mouth and stomach depends 
largely on the form in which they are eaten. They are less digestible 
when eaten as lumps than in a puree; and "mealy" potatoes arc more 
digestible than "waxy," or new potatoes. 

Two medium-sized potatoes (weighing together 5J oz.) when boiled 
ajid eaten in the usual way remain for about 2 to 2i hours in the 
stomach— that is, a shorter time than a similar weight of bread. 

In the intestine potatoes are, on the whole, very well absorbed. This 
is owing to the fact that they contain much starch and little cellulose. 
E\'en when the (juantity consumed daily amounts to lb., 92J per 
cent, of the starch and 70 per cent, of the total nitrogen enters the 

blood. 

Potatoes are, however, by no means suited to constitute the sole, 
or even the staple, diet of man. They are much too bulky, and contain 
too little protein in proportion to their starch. As a matter of fact, 
however, Kubner has found that 6i lb. of potatoes are enough to furnish 
1003 Calories of energy and to prevent any loss of bodily protein. This 
is ]ir<>bably to be explained by the relatively enormous quantity of 
carbohydrates (i.e. protein-sparers) which such a diet contains. = 
Hindliede obtained even better results, and is a strong advocate of the 
potato as an efficient and economical source even of protein.^ 

Even granting that 6 lb. of potatoes per day is sufficient to supply 
fully all tile needs of the body, it must be evident that this quantity is 
still unduly bulk>', weighing as it docs about twice as much as an 
ordinary mixed diet. The result of its continued use would be an undue 
burdening of the stomach and bowels, culminating in dilatation, if not 
disease, of these organs. The so-called "potato belly" of the Irish 
jieasant is an example of such a result. 

.\s regards economic value, potatoes must be regarded as a cheap, 

i McCance. R. .X.. and Widdowson, E. M. ( 1942 ). CouhciV R«f>. 

N-- .:3-S- 

- There is some evidence that the nitrogenous constituents of potatoes arc 
in arly twiro as valuable for the repair of tissues as those of bread. 

The Traelilioftfr. iio, J4») 
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but by no means the cheapest, kind of food. Thus. ^ 

seUinff at 2d and bread at 4W. per lb. the former are twice as dear as 
tfe litter From the point of view of national economy however 
potatoes are undoubtedly a cheap food. Thus. Boussingault found that 

a given piece of land produces: 


Protein 

Starch 

Ash 


Wheat. 

510 

1590 

90 


Rye. 

440 

1196 

62 


Peas. 

560 

780 

60 


Potatoes 

950 

6840 

323 


Whenever there is an emergency need for more home-grown Calories 
wnenevei luc. o urdne the pre-eminence of the 

artichoke brea n indigestible. Even assuming that half the 

suggestion of replacing P disliked in the kitchen and often on 

Besides that they are i y . , * Respite their other valuable 

the ‘able. It must be agam emphas^ed ^ 

characteristics, p cereals as the main sources of Calories.' 

“^Atd “the potato, though not much eaten in this country, are the 

sweet potato and the balaias) is cultivated in hot countries. 

The S^^^eet Potato ((f ^nd Africa. It used to be eaten 

and is largely eaten m ^ potato was introduced, and it is to it 

Lfst\tpe ^ Falstaff say. "Let the sky ram 

pofatorf' It contains carotene, the precursor of v.tamm A. an.i also 

"’•rhe ynris'tretuber'oT f'tropical plant, Dioscorea, and is much 
1 thp notato but reseiT^bles it in taste. 

Tte percental composition of the sweet potato and yam is as 

follows: 


Sweet Potato 
Yam . 


Protein. 
I '6 
2’2 


Pat. 

0-5 

0-5 


Carbohydrate. Ash. 
22*5 0-7 

J5'3 I'S 


They are fully equal to the ordinary potato in nutritive value. 

1 I.E Gros Clark. ( 1943). Discovery. July. 
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Arrowroot, Sago, and Tapioca 

These substances, which consist of little more than starch and 
dextrins, and are used in this country only as a basis for puddings, etc., 
must be considered under the heading of foods taken for Calories, 
because in some parts of the world they bulk largely in the diet and are 
used where we should use cereals. 

Modem analyses give the foUowng percentage compositions: 



Pro- 

tein. 

Fat. 

Carbo- 

h)'drate. 

Cal- 

cium. 

Iron. 

Calories 
per zoo g. 

Calories 
per oz. 

Vitamixu 
A, Bxf C. 

.\rrowroot 

0-4 

0*1 

90-6 

rag. 

7'0 

mg* 

1-95 

341 

97 

0 

Sago 

0*3 

0*2 

94 'O 

9-8 

I -18 

355 

101 

0 

Tapioca . 

0-4 

o-i 

95 0 

8-2 

0*32 

359 

102 

0 


It will be seen from this table that these foods are almost useless 
except for Calories. Of these they give as much as cereals and, indeed, 
are usually classified \vith the cereals, though this is unwise. It is not to 
be expected that nations who live largely on any one of these foods 
could attain the physique of those living on rice or other cereab. 

Arrowroot is obtained from the rhizome of a West Indian plant 
{Marauta arundinacea). The roots are mashed up, mixed with water, 
and the starch allowed to settle. \Mien dried, it constitutes ordinary 
arrowroot. The superiority of Bermuda arrowroot to the other varieties 
is due to greater care in manufacture. The starch, having been washed 
away from the mashed roots and strained through muslin, is allowed to 
settle, and is subsequently dried in flat copper pans covered with gauze. 
When dr}% it is packed by means of German-silver shovels into new 
barrels lined with paper stuck in with arrowroot paste. All these pre- 
cautions are necessary to prevent the arrowoot from becoming 
contaminated, as it is so apt to be, by foreign flavours. For a similar 
reason it is exported on deck under covers, lest it may be affected by 
effluvia from the cargo in the hold. 

Arrowroot contains ii per cent, of water, and 90 per cent, of starch, 
dextrins and sugar estimated as glucose, along with only about 0*4 per 
cent, of protein and 07 per cent, of ash. 

The digestibility of arrowroot and its allies in the stomach is probably 
high, and their absorption in the intestine is exceedingly complete. 
This gives them a special value in the treatment of diarrhoea. 

Sago is derived from the pith of the sago palm. The trees are felled, 
split, and the starch washed out. It is then dried, and converted into 
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pearl sago by granulating. One tree should yield about 500 pounds of 

Commercial sago contains 94 per cent, of starch. 

Tapioca^s Liv7d from the roots of South Amencan cassavas, 
plants belonging to the Spurge order (Euphorbiacea). Cunously enough, 
^ne bitter ^ssava 

milky juice mixed with the starch in wh.ch there is a deal o that 
dangerous poison hydrocyanic (prussic) acid^ In f j, j 

the juice is washed away from the grated root and 
to settle It is then collected and dried on hot metal plates. Fhe prnccs. 
‘o ting ha: tL effect of rupturing most of the starch r-s. ap me 

considerably more Calories than ‘apioea^ „ ,ed in the stomach. 

very completely in intestine^ preparations, it must be 

As regards the nutnf.vc of starch; in other 

remembered that they are si p y g ^ j should there- 

words, they consist almost entuely of caW ■ 

fore not be eaten alone, _„^*voical examples of such substances, 

and vitamins. Eggs have mwie puddings of arrow- 

and accordingly one finds peop k ^ hing was 

^n-i^w^irfh: 

something like the following composition.* 


Water 

Protein 

i-at 

Carbohydrates 

Calcium 

Iron 

Phosphorus 


71 ’7 per cent 
3--i 
3-8 
21 '4 

o-llO ,, 
o-ooyK ,, 
0095 ,, 


and has a fuel value of about 128 Calories per serving (3^ oz. or 100 g.). 

It must be regarded as a highly nutntious food. 

A cupful of water-arrowroot contains only about 2 g. of starch. It 

I This (lives an amusinK counter to food cranks who say that we shoiil.l eat the 
f.K,<ls nature supplies us in their natural condition. 

• McCance K. a., and Widdowson. E. M. (1942), Med. Res. Counc. sp^c. Rep. 
No 235 Th^protein. fat, and calcium are added by the milk. 
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would furnish to the body about 9 Calories of fuel value, while even an 

invalid requires about 2000 Calories daily. 

When one considers the economy of these different preparations, one 
mav say that sago and tapioca are worth the price paid for them, while 
the better qualities of arrowroot certainly are not. Starch ^s. M. 
a pound is dearer than tapioca at is. qi. or sago at is. id., although 1 
contains 10 per cent, more nutriment. Apart altogether from that, also, 
one cannot eat pure starch, whereas the same chemical substance in 
tlie form of tapioca or sago is quite agreeable. 



CHAPTER XIII 

FOODS taken chiefly FO R PROTO N 

phenylalanine and tryptophane.' The two clMS ii 
Mincidc with animal and vegetable proteins, "'““8.'’ 

EpM££Has!rtHS 

source of 0 y t^u^di^^g^_^erabiy starch, cellulose, 

S^We have aheady discussed the proteins of cereals and pulses m the 
sectr devoted to Lds taken mainly for ener^ purposes, and it is 
^%r in the values of the animal foods. 

"“preSt alng foods containing proteins of high biological 
1 ! ^fir!t.rlass oroteins' -are eggs, milk and milk products, and 
t'hcM will be discussed first. All estimates of their biological value put 
\ nrntMns high * They were developed for body-buikhng 

r ani b/hir/s and though the biologi^tal value of 

TherproteL may be best for cows (for example) and ducks and hens. 

thev also have a very high value for human beings. 

^S^nce a chick ca7be developed from an egg without the aid of any 
external agency save heat and correct gaseous environment m com- 
position ^d pressure, it follows that the egg contains admirable body 
building material— at any rate for chicken. 

1 I'or the importance ot methionine in reconstituting animal proteins, see 
J'ETERS, K. A. (1945). Uncel. i. iOO. 

* Boas-Fixsen. (1935). ' ^ 

315 
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It must contain much protein, much inorganic material, especially 
calcium, phosphoms and iron, for these are essential for making tissue, 
bone and blood. Fat is needed too for its high Calorie value. These ^ 
practically all the constituents of an egg. except water. There is a tiny 
amount of free carbohydrate (40 to 230 mg. per egg) possibly to supply 
material for muscular activity, e.g. of heart muscle. 

Passing on to details, it may be said that a hen’s egg of average 
size weighs about 2 oz. (56 g.), the weight being distributed as foUows: 

Shell . . • • *2 per cent., or 6 g. 

White . • 58 „ „ 29 g. 

Yolk . . . 30 .... 15 g- 


The shell consists almost entirely of carbonate of lime. As the proc^ 
of hatching goes on it loses some 9 per cent, of its weight by absorption 

for the formation of the bones. 

The protein of while of egg is called “egg albumin." It is an error, 
however, to regard it as a single substance. It consists of a nuxture ol 
different proteins, some of which are of a compound nature, and contam 
a carbohydrate group in their molecule.^ The white contains 0-4 0‘5 

mg. riboflavine per 100 g. and also avidin, a substance which renders 
biotin, a member of the B complex of vitamins, unavailable.* 

The volk is the chief storehouse of nutriment for the young cmcK, 
and co'nscquently has a very different composition from the white. 
It contains much less water and more solid matters, amongst the latter 
l)eing a large proportion of fat. The general composition of the white 
and volk is contrasted in the following table (Konig).* 


Composition of Egg 
Water. Protein. Fat. 


White 

Yolk 


857 

50-9 


12-6 

l6'2 


025 

3175 


other Non- Mineral, 
nitrogenous Elements, 
Matter. 

— 0-59 

0-13 


One can see at a glance that the yolk of the egg is relatively its most 
nourishing part. The complexity of the composition of the yolk 
shown by the following detailed analysis of its constituents. 

1 Tlu rc arc apparently four different proteins m creator 

i-,.nalbumin. ovomucin, and ovomucoid, ^hc ovalbumin makw P ^ ^^nly 
part of the white. Ovomucin and ovomii^:oid are ebeop^ems a id 
present in small amounts. See Eichholz, {1898). yo«r». Phystoi, 3^ 3. 

Bull-. No. 128. U-S. Dept.. of Agriculture. 

3 I'or further analyses, which, however, do not | 

s«- 1 i.-BfiiM (lyoi). Therap. Monat^hffte. 15 . 55*: Pummbr. (i92ri. 

i.,3i?McC.xNCKanil Wjt.uowsoN(i94o)g»verathcrlo\verfigur^- 

•* ('i.mpjled from figures given hv Ni;ei>h.\m. (1031), Chemical htn^ryoogy. 
-■''‘3 4 



Water 

Proteins 

Fat 

Mineral elements 
Extractives 
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47 54 per cent. 
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13 

21 

0*5 

01 


» > 


» * 


* 7-5 

33 

2-0 

2-1 


j > 


I j 


( » 


The proteins of the yolk arc vitcilin and livetin, of which the former 
is a true phosphoprotein and the latter a pseudoglobulm. Vitell.n 
contains some 1-3 per cent, of phosphorus and has relatively high 
proportions of the important amino acids, cysUne, tryptophane ai^d 
trvosinc a fact of some importance in embryonic— and other 
nutrUioii. Livetin contains but little phosphorus. The proportions of 

vitellin to livetin are about 3*6 to I. / 

The “fat” in the table is really “ethereal extract and consists of 
true fats plus lipines. The fats arc. of course, compounds o fatty acid 
and Elyce^e, and the fatty acids of egg fat are palmitic, stearic, oleic 
and L^ssible linoleic-the oleic and the other two being in the propor- 
tion of 2 ■ I : I. The lipines are mainlyrepresented by lecithin, but there 

are other members of the group present such as kephidm and sphingo- 
mvelin These substances are of interest in nutrition because they too 
Contain phosphoric acid, and can be used as a source of phosphorus for 
the bones of the developing chick. The relation of true fats to the re- 
mainder of the fat-like materials is about 2 -5 to i 

As much as 200 mg. of cholesterol, mainly as free cholesterol, which 
probably acts as a carrier of vitaimin D. are to be found in each egg- 

these unusual substances were for a long time believed to be in 
chemical combination with the protein, but more recently the general 

opinion is that the combination is only physical. 

As regards the inorganic constituents, potassium, calcium and iron, 
in addition to the phosphorus, are found in considerable amounts in 
the yolL According to McCance and Widdowson 100 g of white and 
yolk have the following amounts in mg. of the “mineral elements. 




White. 

Yolk. 

Calcium 

• • • 

5-2 

i 3 i '5 

Chlorine 

4 • • 

170 *0 

142 -o 

('opper 

Iron 

• • 

« > * 

0-03 

0*1 

0-02 

6-13 

.Magnesium 

. • • 

10*7 

149 

Phosphorus 


33-0 

495 0 

Potassium 

• • • 

148-0 

123-0 

Sodium 

• • • 

192 -o 

50-0 

Sulphur 

• • • 

1830 

165 0 

egg yolk has from 500 to 700 /ig. 

zmc. 


1 SOCIN. 

(1891), ZtU.f. Physiology Chem , 

« 5 . 9 J 



3i8 the nature OF FOODS 

We have, then, in the yolk of egg a remarkable food, for it contains 
a protein with a large amount of phosphorus and of high biological 
value, highly emulsified fats, which owing to their emulsification are 
very digestible, lecithin and its aUies, also highly phosphorized, and 
very notable proportions of calcium and iron. The phosphorus is needed 
by the young chick partly to form bones and partly to form nucleo- 
protein, the calcium and the phosphorus are essenti^ for bone forma- 
tion, the iron^ for the htcmoglobin of the blood. The fats contain vitamin 
A {88 I.U. per g. yolk) and the sterols vitamin D (up to 5 I.U. per g. 
yolk). Thiamine (i I.U. per g.) and riboflavine (0-5 to 0*6 mg. per 
100 g.) are also present in the egg-yolk. 

Consequently the great richness of the yolk in all (or most) of the 
materials needed by the young growing animal makes it a peculiarly 
valuable food for infants, especially those who are suffering from 
rickets. 

Eggs contain almost no free purine or purine-yielding substance, 
and may therefore form part of the purine-free diet which is sometimes 
recommended in gout. 

The composition of the whole egg may be summed up as follows:* 


Shell 

^^'ater 

Nitrogenous matter 
Fatty matters . 
Mineral elements 


1 1 -2 per cent. 

65-5 

13-1 

9-3 

0-9 


There is no difference in composition between eggs with dark shells 
and eggs with white shells, and no justification for the popular belief 
that the former are “richer" than the latter.* 

The composition of the edible part (white and yolk together) per 
100 g. may be compared with that of meat thus:* 


W’ater 

♦ 

Egg- 

• 737 

Moderately 
Lean Meat. 
73*0 

Ih-otein 


I4'8 

21-0 

Fat 

• 

10*5 

5*5 

Mineral elements 


I 'O 

I-O 

Calorie value 


. 158-0 

1370 


• The iron is present not, as formerly supposed, in organic combm^ion, 
an inorganic compound. R. Hill. (1930), Proc. Roy, Soc., I07» 205. Thomps 
(I934)» Piochem. Jouni , 28, 1536. 

- Atwater. CofttposUiofi 0/ Awerican Food Materials. Bull. No. 28, U.S. 
of Agriculture (revised edition). The percentage of shell is somewhat lower t 
tliat given on p. 316. McCance and Shipp {loc. cit.) found that the whole gg 
(excluding shell) contained 12*6 per cent, protein and 7*9 cent. fat. 

3 See C. F. Lakgworthv. (1901), Eggs and their Uses as Food, U.S. Dept. 0 
Agriculture. Farmers* Bull., No. 128. 

^ .\twater. op. cti. (average of sixty analyses). 
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It is seen at a glance that eggs contain almost the same total of 
nutritive matter as lean meat, but are relatively richer in fat and poorer 

'^EggsTre thus admirably adapted chemically to supplement a food 
rich in carbohydrate, moderately rich m protein but poor ^-it. 
a food is found in rice and many cereals, and the addition of tggs 

these in the form of puddings makes a complete food. 

Composition of other Eggs. The composition of a goose s o duck s 

egg is very similar to that of the hen, but, of course. ^ 

An average duck's egg weighs about 2J oz., a gooses egg 03 

'°ELs"when kept gradually lose water by evaporation and become 
liehfe^r A fresh egg should sink at once m a 10 per cent, salt solution 
. oz. to a?n.), but the longer it has been kept * 

Lrface it will float. There is no reason to suppose that preser\. egg 
arc in any way less nutritious than fresh. 

The Composition of Eggs^ 


Uefusc. 

Per 

Cent. 


Water. Protein 
Per Per 

Cent. Cent. 


Fat. 

Per 

Cent. 


Mineral 

Elements, 

Per 

Cent. 


Duck: 

Whole egg. as purcha-sed 
Whole egg, edible portion 
White . 

Yolk 

Guinea fowl; 

Whole egg. as purchased 
Whole egg, edible iwrtion 
White 
Yolk 
Hen: 

Whole egg, as purchased 
Whole egg, edible portion 
White 
Yolk 
Plover; 

Whole egg, as purchased 
Whole egg, edible pr;rtion 
^Purkey • 

Whole egg, as purchased 
Whole egg, edible portion 
White 
Yolk 


137 




I 1 -2 


90 


13*8 


60 -8 

70-5 

87 -o 
45-8 

60 -5 
72-8 
86-6 
497 

65 -5 

73 7 
86-2 

49-5 

67-3 

74 -4 

63*5 

737 

86*7 

48-3 


12 •! 
» 3'3 

I II 
i 6-8 

1 1 '9 

13-5 
1 1 -6 
i 6'7 

1 1 - 9 

134 

12*3 

*57 

97 

107 

12 - 2 
13*4 
1 1 -5 
17-4 


ii '5 

M'5 

003 

36-2 

9-9 

12-0 

003 

3 I-S 

9'3 

10-5 

0*2 

33*3 

10*6 

117 

97 

1 I *.2 
0*03 

32 *9 


0*8 
I o 
0*8 
1 -2 

0*8 
0-9 
0-8 
l *2 

0-9 

1 *0 
0*6 
I I 

<>‘9 
I -0 

0 *8 
0*9 
0*8 

1 '2 


1 IJ S Dcot. of Agriculture. Farmers' Bull., No. 234- Other analyses quotc.l 
’ Nkediiau. (1931). Chemical Embryology, l, 240-1. are substantially the saim. 


by Needhau. (1930 
Xpi> 
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When an egg becomes rotten, alkaline sulphides are produced, 
apparently from the white, and these give to a rotten egg its very 
disagreeable smell. If an egg is boiled for a long time the same effect 
is produced in a minor degree, and it is well known that an egg so . 

treaty is apt to have a slight odour.^ 

digestibility of eggs in the stomach depends largely upon the 
(unn in which they are taken. Some experiments made on a healthy 
man throw light on this subject.^ Two eggs were given, cooked in 
different ways, and portions of the stomach contents were withdrawn 
at intervals, the time being noted at which any portion of egg ceased 
to be recovered. The results were as follows: 


2 eggs lightly boiled have left the stomach in • hours 

raw have left the stomach in . . • • 2^ „ 

poached + 5 g. of butter have left the stomach in 

hard boiled have left the stomach in . • 3 " 

as an omelette have left the stomach in . .3 »> 


The figures speak for themselves. Eggs cooked in almost any way 
are digestible. Raw eggs, despite their reputation, may prove to be 
indigestible. Investigations in Mendel's laboratory suggest that they are 
by no means as useful in nutrition as lightly boiled eggs. Their avidin 
renders the biotin of tlie diet unavailable, these facts should be con- 
sidered by the physicians who use them for the treatment of gastric 

ulcers. , j 

The difference in digestibility between hard- and soft-boiled eggs 

depends to some extent, also, on the degree to which the former are 

subdivided. If finely chopped up, they could probably be disposed of as 

easily as the soft-boiled eggs.* 

As would be expected, raw yolk remains considerably longer in the 
stomach than raw white. It is noteworthy that all egg dishes call fort 
a much smaller secretion of hydrochloric acid than meat and fish.* 

It must also be pointed out that idiosyncrasy plays a large part m 
the digestion of eggs. Some persons are unable to swallow even a smal 
particle of egg without becoming violently ill, the symptoms ranging 
from slight urticaria to vomiting, syncope, and coma. 

The absorption of eggs in the intestine seems to be very complete. 


1 The urcen colour of the surface of the yolk of a hard-boiled egg f f the 

sulphide set free from the white combining with the iron of the Snidlv 

presented by boiling the egg no more than enough to set it and then rapia y 
cooling it in cold water. Tinkler and Soar. (1920). Btochem. Journ.. 14, ii 4 - 

2 Penzoldt. (1893). Dent. Arch. f . Klin. Med.. $t, 535 - See also Hawk, Rkh- 

J'USS. (1919), .-fniiir-yonrn. /‘Av5i(»/..49. 254 . 

3 H.AWK and Rehfuss. {1926) found that hard-boiled egg 

stomacli only ten minutes longer than soft-boiled. Amer. Journ. Med. ici.. 7 - 

359 - 
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It has been found that even when 21 hard-boiled eggs arc taken daily 
they are absorbed as completely as meat, only 5 per cent, of the dried 

substance being lost. 1 - n-.- 

Eggs, therefore, leave a very small residue in the intestine. 1 his 
may perhaps explain their constipating effect on some persons. 

Nutritive Value of Eggs. Chemical c onsideration s have shown 
us that the nutritlVti VUiUli Uf eggs is due almost entirely to protein and 
fat One egg cgi^ai ns eno ugh of these to yield 70 to 90 Calories. Half 
a tumblerful ot g^d milk or oz. of fat meat would yield about as 

much. , , ^ 

Roughly speaking, 15 to 20 eggs may be taken as the nutritive 

equivalent of 2 lb. of medium fat meat. 

Their low carbohydrate content prevents eggs from being in any 
sense a complete food, and it would take 12-15 of them a day to supply 
even the amount of nitrogen required by a healthy man. They cannot 
be regarded as a cheat> source of protein, though the convenient form 
in which their nutritive constituents are presented, and the readiness 
with which they lend themselves to the art of the cook, must always 
render them a most useful form of food. In addition to these con- 
siderations, the peculiar chemical composition of the yolk causes that 
part of the egg to be a valuable source of calcium, iron, and phosphorus, 
as well as vitamins A, thiamine, riboflavine, and D, of which advantage 
may well be taken in the dietetic treatment of disease, more especially 

in early life. They lack vitamin C.. 

Duck Eggs. A word of warning is necessary about duck eggs. 
As I6ng as 1926 the Ministry of Health drew attention to the 
possibility that undercooked duck eggs could cause gastro-entcritis. 
The ducks often are carriers of bact. aetrycke. pass them on to the eggs 
and if the latter arc imperfectly cooked, spread “food poisoning.” 
Hens and turkeys suffer from microbes of the salmonella type, but so 
far these birds' eggs have not been incriminated as a source of food 
poisoning. German law compels duck eggs to be indelibly stamped as 
such, and advise that they should be boiled for eight minutes.* 

Dried Eggs . The war of 1939-45 introduced us to a new product - 
spraV^STedeggs. Their composition wasas is shown in the tablconp. 322. 

these spray dried eggs "saved the situation” for the cook during 
the war years. The spraying results in a very fine powder which easily 
■reconstitutes” with water. Some change in the physical nature of the 
proteins results, for dried eggs are not so useful as shell eggs in cake 
making. More baking powder seems to be necessary. It is claimed, 

I KuuNUR. (1879), Ztit. /. liiologie.. 15. 115. For an account of later experi- 
ments which, however, yielded results almost identical with Rubner s, sec 
Farmers' Bull! No. 12H, 17, U.S. Dept, of AKriculturc; .-ind .Ai’frkcht and Simon. 
(iyo8), Deut Med. H’oeh.. 34. 2309. 
il.amet. (i945)' *• 3M- 
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Protein 

Fat 

Carlwhvdrate 
Calcium . 
Iron 

Vitamin A 
Thiamine . 
Ascorbic acid 
Calorie value 


45-8 g. per lOO g. 

42 -og- 

3*2 g- 
219 mg. 

ii-omg. 

3.000 I.U. 

400 /ig. 
o „ 

591 -y 


however, that reconstituted dried eggs beaten at a temperature of 100® 
F. to 125® F. can be used as a basis for sponge cakes, and are as useful 
for that purpose as shell eggs. Cane sugar added to the egg before drying 
prevents the denaturation of the proteins and gives a better beat. Other 
sugars have an opposite effect.* There can be little doubt of their 
nutritive value. 

It is unfortunate that there are many so-called “substitutes’* for 
eggs on the markets. Biologically, nutritionally and gastronomically, 
there is no substitute for the egg. Among these substitutes arc cuslard- 


powders. 


PiiKCKNTAGii Composition of Custard-Powders 



Birds- 

Custard* 

powder. 

Goodall*$ 

Custard* 

powder. 

Goodall's 

Egg- 

powder. 

Ber- 

wick’s 

Egg- 

powder. 

Yeat- 

man’s 

Egg- 

powder. 

Starch 

86-25 

84-45 

5* -03 

26-38 

52-32 

Protein 

0*59 

0*58 

6*01 

2-96 

6-00 

S<ilublc colouring matter 

0 - 8 S 

0-90 




leaking soda 



15-33 

50*70 

22*11 

'I'artaric acid 


— 

13*69 

10-33 

11-37 

Phosjdiatcs 

Carlronatcs of calcium 



024 



and magnesium 



2*70 



Chlorides and sulphates 



— — 

9-63 

8*20 

Water 

11-83 

13-69 

11*0 

Mineral < lements 

0 -A 5 

038 





100*00 

100*00 

100*00 

100*00 

100*00 


1 he majority of them consist chiefly of starch, to which a yellow 
colour is inijiarted bv mixture with some vegetable dye — e.g. turmeric. 

It is obvious that tlicy have nothing in common with eggs except 

a yellow colour, and that their nutritive value can be in no way 

equal to that of a genuine custard. They are extremely popular in all 

parts of the country served with stewed fruits, with fruit pies and with 

siu't jiuddings, but arc useful in dietetics only as a vehicle for milk. 

I HwvruoRNU uiu! Grover. {10^4). Cheiir and Ind.. 42-’. 

• l^inrs custanl powtkT h*xs added vitamins A and D. 



CHAPTER XIV 


foods taken chiefly for protein { continued ) 

Milk 

There is probably only one subject upon which all dietitians agree, 
viz the value of milk— generally speaking, cow's milk— in human 
nutrition. Milk is a food developed in nature for the feeding of the 
immature mammal. The only doubts which can arise about its use by 
man arc (i) is it wise to divert the food intended for the young of other 
mammals to man, and (ii) should adults take a food intended for the 
immature? The answer to these two questions, from the dawn of history 
to the modern experimental era is undoubtedly "yes.” 

In the present chapter cow's milk alone will be dealt with. We shall 
reserve till later the study of human milk and the milk of some other 

animals. ... 

Chemical_CofflposUiDii— As regards its chemical composition. 

milk'Wipies an almost uniejue position among animal foods, for it 

contains in itself representatives of all three nutritive constituents. 

proteins carbohydrates, and fat. The avocado pear, nuts and the soya 

bean are practically the only other foods which have significant 

amounts of all three nutrients, to judge from McCance and Widdowson’s 

analyses The Medical Research Council includes the shell lish. 

The proteins of milk constitute about 3 to 3* per cent, of its total 

weight ‘ The principal protein is the substance called casexnogen:^ 

which is not very soluble in pure water but is kept in solution in milk 

by the various inorganic salts present. The solution is not clear, but 

opalescent. It is least soluble at a 4-6. 

The other main protein of milk is an albumin (lactalbumin), which 
is present in very much smaller quantity than caseinogen, making up 
only about one-fifth of the total protein of cow's milk. In human milk 
it is relatively much more abundant. The biological value of the mixed 
proteins is the highest known and because of their large content of 
methionine they are particularly useful for tissue building and regener- 
ation. => 

» Average of all data in Davies' (i 939 ) TAe Chemistry of Milk. Chapman A 
Hall, are protein 3-42. tat 3 '(> 7 . lactose 4-78. mineral elements 073. 

8 • Casein” in American and Continental terminology, 

9 Himsworth and Clvnn. ( 1945 ). Roy. Soc. Med . 38. 101; Ckoi i an.l 

Peters, (i<J 45 ). /-aflfW. t, 266. 
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The carbohydrate constituent of milk is milk-stisar, or lactose, which 
is present to the extent of from 4 to 5 per cent. It differs very much 
from cane-sugar, and in nothing more than in its comparative freedom 
from sweetness. In a substance, which serves as a food rather than as a 
condiment, this property is a valuable one. Were it not so, milk wodd 
pall upon the taste much more readily than it does. Another peculiarity 
uf lactose is that it is hardly capable of being fermented by yeasts. As 
a consequence, it is better borne than other kinds of sugar in cases of 
advanced dilatation of the stomach accompanied by fermentation. On 
the other hand, it is readily converted into lactic acid by the lactic acid 
bacteria, a process which occurs in the souring of milk, and sometimes 
also in the intestine. 

The fat of milk stands intermediate in amount between the protein 
and sugar in cow's milk, constituting about 3^ to 4 per cent, of the total 
weight. In the milk of other mammals the relative proportions v^y 
remarkably, so that generalizations are impossible as the following 
table will show.^ 


Composition of xpe Milks of Various Mam.mals* 


.\ss 

% 

Protein. 

, * 1 

Coscinogen. Lnctalbumiii. 

. 0*7 I-O 

Fat. 

I -6 

Lactose. 

6-0 

‘'^[iaeral 

eleinentc. 

0-5 

Ihdfalo . 

4 

• 5-8 

0*3 

7*5 

4-1 

0*9 

Cat 

4 


6-0 

3 ’3 

4'9 

0-6 

Cow 

9 

.VO 

0*5 

37 

4-9 

07 

Dog 


O-I 

5-1 

9*6 

3-1 

07 

Echnidna aculeata 

8-4 

2*9 

19-6 

2.8 


l-k-phant 

1 

• * .VI 


I9’6 

8-8 

0-6 

Ewe 

• 

50 

1-5 

6-9 

4-9 

0-9 

i 1 

Coat 


3-2 

1 *1 

4*8 

4 -4 

0*8 

Ihnuan 

1 

I -0 


3-8 

0-2 

03 

0 

Llanui . 

» 

30 

0*9 

3-2 


0-8 

Marc 

4 

I -2 

0*1 

I -2 

57 

0-3 

1 ’orpoise 

4 

1 1 -2 

— — ^ 

48-5 

1*3 

2-82 

oo 

itcindeer 

4 

. 8-38 

1-51 

17-09 


Sheep . 

• 

- 5-23 

1-45 

8-63 

4-28 

0-97 

Sow 

4 

3-3 

1-5 

7-0 

3-1 

I *1 

Whale . 

• 


— 

437 




hat exists in milk in the form of an emulsion of extraordinary 
perfection. The average diameter of a globule of milk fat is about 
2 -3 to 4 0^, tliough tliere may be some with a diameter greater than 1 2. 
It will be evident that fat so finely divided as this must be particularly 
easy of digestion. 

‘ Sec also Davies. ( 1939 ). op • 7- 
- Figures mainly trom Davies. (i939). of>. cil. 
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When milk is allowed to stand, the fat globules run together, and 
float to the surface as cream. If this is removed, skim milk is left, but 
when so prepared it still contains some 0-5 per cent, of fat, perhaps as 
much as 1 per cent. If the cream is removed by means of a centnfugal 
separator its abstraction is much more complete; for separated milk 
usually contains less than i per cent, of fat. MUk so prepared should 
bo described as separated milk. 

Some fuller chemical details about mUk fat have already been given 

under butter (p. 250). , u * « ^ 

“Mineral Elements'^ are fairly abundant m milk, forming about 07 

ner cent Seeing that mUk is the sole food of young animals, one is not 
surprised to learn that its different mineral ingredients are present in 
the same proportions as in the body of the particular animal which the 
milk is designed to feed.^ Now, the chief tissues which a young animal 
has to build up are muscle and bone. For the former potassium phos- 
phate and for the latter calcium phosphate are required, and milk 
contains an abundance of both of these substances. To the rule that he 
mineral ingredients of milk correspond proportionately to those in the 
body of a young animal there is one apparent exception. Iron is an 
essential elemen? in the body and especially in the blood; but iron is 
very scantily represented in milk.* Five pints of milk would be required 
to supply the amount of iron necessary for a full-grown man every day. 
To tll!l young animal this scarcity of iron in milk is a matter of little 
moment It enters the world with a full supply of iron already stored 
in its body which it has obtained from the blood of its mother. Arti- 
ficially fed babies require extra iron, for cow’s milk has less iron than 
human milk.* The lack of iron in milk may result in anaemia in patients 

kept for a long time on a milk diet. . , , , 

There remains one other substance which, for the sake of con- 
venience may be considered under the mineral ingredients of milk: 
citric add It is rather astonishing to find this substance in milk at all, 
md yet about o-i3-o-23 per cent, is present, and it has been calculated 
that a good cow yields as much citric acid in the day as would be 

contained in two or three lemons.* 1 

As found in milk, citric acid is chiefly combined with calcium ami 
magnesium. The solid particles sometimes met with in autoclaved miik 

"""iraddition, milk is a good source of vitamin A and riboflavine, One 

1 Man is an cxccptiuii- 

2 Reis and ChaKMakjiak. (1932). /<>»'■«• Chem.. 98, 237, give pvr- 

centaef of iron in cow's milk when milked into glass containers as 0-00014 
o-oooiS. and when into normal conlamcrs as 0-00028. 

3 Mackay, H. Mfd. Res. Council Spec. Rep. No. 157. 

•• HenkkI-. {i8S8). .Munch. Med IVoch., 35, 328. 
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pint of milk may yield from 776 to 1520 I.U. of vitamin A.i Thiamine 
is present to about 70 fig. per 100 ml., though American figures are 
lower; riboflavine to 0*2 mg. and nicotinic acid to 0*057 mg.® The other 
members of the B complex are present. Ascorbic acid is at about the low 
level of 2 mg. per 100 ml. Figures for vitamin D are 7 to 10 I.U. for 
English milk between November and March, rising to 55 I.U. in July 
and possibly higher in August.® 

Last, but not least, amongst the constituents of milk is water. It 
forms by far the largest proportion of the milk (87 to 88 per cent.), 
and holds the other ingredients in suspension or solution. The hydrogen 
ion concentration of fresh cow’s milk is pK 6*5. 

One may now sum up what has been stated about the chemical 
composition of milk in the following table: 

Composition of Cow’s Milk 

Water . . 87 to 88 per cent. Fat . . 3i to 4J per cent. 

Protein . 3 3 J .. Mineral 

Sugar . 4 ., 5 elements^ 07 .. 

1 he average figures of thousands of analyses are: Water 87*11 total 
solids 12-69, caseinogen 2-86, albumin plus globulin (coagulable 
proteins) 0-56. fat 3-67, lactose, 4*78, mineral elements 0-73 per cent. 

These figures merely represent the average composition of a sample 
of good milk. They are not to be understood to apply to every' specimen 
of milk encountered, for milk varies greatly in composition. 

To some extent these variations in composition are unavoidable, 
(lepending as they do on the breed and age of cow from which the 
milk is obtained, on the way in which the cows are fed, and on the 

period which has elapsed since calving. 

In the mixed milk obtained from a large number of cows these 
variations must to a considerable extent neutralize one another. Hence 
it is that the total milk from one dairy varies less in composition than 
that from any one cow in it, and the popular prejudice in favour of 
feeding an infant on milk "from one cow” thus rests on a false basis. 
The “solids not fat" are closely grouped round an average of 8*74. but 
even so they may vary from 6-24 to 10*24 per cent. The fat of the milk 
of a Friesian herd may be 3*55 per cent, and from a Guernsey, 5*19 
per cent. 

‘ The Medical Kesearch Council figures are atwut half these, and figures 
from a private communication by Coward and Bruce, nearly double. 

2 Much higher figures arc quoted as the result of biological as»ys. It must not 
be forgotten that milk may promote the growth of nicotinic-acid-producing 
microbes in the large intc.stine. 

3 Kon. (1*143). y. Octirv Res.. 13, 216. 

‘Calcium forms 0-120 per cent., potassium o-ir»o per cent, (an uncxpectcdh 
high figure) and phosphorus 0-095 cent. 
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What composition should be expected? On this point, unfortunately, 
some difference of opinion exists. Analysis has clearly shown that an 
average sample of good milk contains about 3-8 per cent, of fat. There 
is no legal definition of milk, but it is assumed, in this country, that if 
milk has less than 3 per cent, fat, and 8 -5 per cent, “total solids not fat, 
it is adulterated. A quality standard based on total solids and on the 
number of microbes per ml. is advocated by Davis' of the National 
Institute for Research in Dairying, which certainly would be better 

than the present haphazard scheme. 

From what has been said of the chemical composition of milk, it 
micht naturally be regarded as a fluid form of food, and indeed it is 
often one of the chief elements in a so-called “fluid'’ diet. Strictly 
speaking however, milk is not a fluid food. It is only a fluid outside the 
body. So soon as milk enters the stomach it undergoes a change by 
which it very quickly becomes solid. It is then said to be coagulated or 
clotted. This coagulation is due to a change brought about in the 
caseinogen by the ferment called “rennin.” The exact nature of the 
change which the caseinogen undergoes is still obscure, but it seems to 
be split up by the rennin into two proteins, casein and whey albumosc. 

The union of casein and calcium produces the clot. 2 

The coagulation of milk is what occurs in the making of junket. 
In that process, rennet is added to the milk raised to body temperature^ 
which is then set aside in a warm place until it is solid. At first the milk 
forms a ielly but by and by the curd shrinks and a yellowish fluid is 
squeezed out of it. which is the “whey." The rennet which is used in 
this operation is derived from the lining membrane of the stomach of 
the calf but exactly the same ferment is pre,sent in the human stomach, 
and it is important to remember that all raw milk is converted in the 
stomach into junket very shortly after it has been swallowed. We shall 
return in greater detail to this subject when we come to the digestion 

At present it may be pointed out that the curd of milk consists 
orimarilv of the calcium caseinate. In process of setting, however, the 
cisein entangles the fat of the milk in its meshes, so that curd consists 
of the casein along with the fat. 

1 Oavis (io44)» I'ood Muuu/uctufc, 19» 4^3* 

* l. nL.lish nl.vsiologists, as stated above, apply the name •'caseinogen to the 
» ■ and restrict the term 'casein” to caseinogen which has been 

‘^iVrffd bv coagulation. This nomenclature has the advantage of empha-sizmg the 
1 « ^.nrMi;twccn the products of curdling and clotting above described, Adopt- 
it one wluld say that when milk is curdled caseinogen is tlirown down in a 
fl ^ rU n.rm' whtm milk clots, the caseinogen is converted into casein. Amcri- 
ca'rind oS L'rth" chief protein of mifk -casein" and the solul result of 

^‘^TnvL-?tU'Sion*^^^g^S"t^ the calcium is in close relation with the caseinngeii 
i„ milk forming calcnin. cascinogenate. Curdling with acid removes the calcium ami 
orms aci.l caseinogen. The clot of milk is calcium casemate. 


I 
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It usually also contains some of the sugar of the milk, for the whey 
is never entirely squeezed out. 

The “curdling'^ of milk must be distinguished clearly from the 
process of "clotting" just described. When milk "curdles," its caseino- 
gen is simply thrown down in the form of a precipitate without under- 
going further change. When milk "clots,” the caseinogen undergoes 
partial digestion and one of the digestion products unites with calcium 
to form a clot. 

Curdling is due to the production of lactic acid in the milk, which 
turns the caseinogen out of its partnership with calcium salts, and the 
caseinogen, being in itself not soluble, falls do^vn as a flocculent pre- 
cipitate when the pH of the fluid reaches the isoelectric point. 

The production of the lactic acid is due to a splitting up of milk- 
sugar by the agency of the lactic acid bacteria. The true lactic acid 
bacteria change 90—98 per cent, of the milk’s lactose to lactic acid, and 
there is also a production of succinic, acetic, and propionic acids and of 
carbon dioxide. CoUform organisms also manufacture l^tic ^cid among 
a wider range of products. V_— 

Efifects of Heating upon the Composition of Milk . When milk 
is wanned hi an Tl i ' pe nl^n a tough "skin" forms on the- top. This skin 
is duo to a Ramsden phenomenon. The caseinogen and lactalbumin 
are concentrated at the air-liquid interface and irreversibly pre- 
cipitated. Fat and deposits of tricalcium phosphate are also entangled 
in the skin. 

If the skin is removed, another straightway appears, and by con- 
tinuing the process the milk undoubtedly loses some of its nutritive 
v.alue. rhe loss is never great, however, for 100 c.c. of milk, if boiled for 
a quarter of an hour, lose at most only 0-273 g. of protein. After 
prolonged boiling, and to a less degree after pasteurization, the soluble 
calcium of the milk is somewhat diminished and to this extent the 
nutritive value 0? the milk may be slightly impaired.^ 

Other changes observ'cd in milk heated for a long time are that it 
becomes of a somewhat browmish colour, and altered taste. The change 
in colour seems to be due in part to a caramelization of the sugar in 
the milk, but in part also to more obscure alterations.* The change in 
taste sets in quite suddenly when a temperature of 70“ C. is reached. 
It can be obviated to a large extent by allowing the milk to stand for 
some time, after being boiled, and then straining it. 

The caseinogen also seems to undergo some alteration on boihng, 
for boiled milk coagulates more slowly than raw milk. To this point we 
shall return later. 


* H. E. Magee and Douglas Hakvby. "Studies of the Effect of Heat on Milk. 
(io-'6), Biochetn. Journ.. 20. 873. 

Wright. (1924). Biochem. Journ.. 18, 245. 
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Tliat milk is a valuable food, if not (he most valuable food, is agreed 
by all dietitians, and national governments have accepted the verdicts 
of scientists. Colossal efforts have been made by them to increase the 
production and consumption of milk. By subsidizing milk, by decreas- 
ing its price to pregnant and nursing mothers, to infants under five and 
to school-children, the consumption of liquid milk in this country 
increased during the Second World War by 25 per cent.,* i.e. from 
767 million gallons per year to 1048 million gallons. Much of this was, 
however diverted from manufacture, so that the total increased pro- 
duction was much less spectacular. In 1951 the consumption was 1580 
million gallons, but it was showing signs of regression. The increased 
consumption must be further developed if Great Britain is to reach the 
aim of dietitians, viz. i pint per head per day. or 2,054 nulhon gallons 


That milk arrives in the towns of this country m a satisfactory state 
can hardly be claimed by even the most fanatica upholder of the 
consumption of raw milk. Milk as drawn from a healthy and perfectly 
dean cow is a practicaUy sterile fluid. Such ideal conditions, however, 
are difficuU, and almost impossible to attain at present and the pro- 
duction and consumption of milk presents us with a dilemma: either 
we must insist that all milk sold should be absolutely clean milk or it 

must be treated before consumption to make It safe. 

The sources of danger as (i) disease in the cow, and (11) contamination 
with pathogenic microbes in the course of production, transit to the 
central depots and deUvery to the customer. The cow may be suffering 
from tuberculosis or from undulant fever* and pass the microbes causing 
these diseases into the milk secreted. The milker may be a carrier of 
diphtheria, dysentery, paratyphoid, fever, scarlet fever or typhoid germs, 
ind so infect the milk. The containers-buckets. churns, etc., may be 
washed witli water infected by pathogenic germs, or such germs may 
iDC transmitted by flies. Then there is the danger of contamination by 
dust The germs of undulant fever may live for many months m dung 
and it is unfortunately the fact that much of our milk is contammatcal 
with dung. The bulking of milk at distributing centres, or earlier, hands 
on the milk infection of one farm to the whole of the milk bulked, e.g. 
in Bournemouth in 1936, a turnover of 1600 gaUons of mi k per day. 
collected from 37 suppliers, was contaminated by one supply of 15-20 

g"per day infected at the farm. There were 718 cases of typhoid 

with 51 deaths.* Unfortunately there is evidence of transmission of the 
diseases mentioned in plenty. Transmission of diphtheria by the wife of 


» Food Manufaciure. (1945). 78- 

* Wilson. (1944). Free. S'ut. Soc.. a, I5«. 

» Enoch. (i943). MUM liu$iMess. 75-7. 
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a farmer when straining the milk was demonstrated in 1943*^ Even 
milk from tuberculin-tested herds is at times contaminated with bovine 
tuberculosis. 2 "Press-in” discs for closing the mouths of milk bottles 
have been held responsible for paratyphoid and typhoid in America.^ 
An outbreak of typhoid in Melbourne was traced to the milk of one 
farm . where there was a typhoid carrier and with the removal of that 
carrier the outbreak died out.-* Five per cent, of all milk samples, in 
this country bacteriologically tested, contain tubercle bacilli.e The 
deaths from bovine tuberculosis, almost certainly transmitted by milk, 
are estimated at 2000 per year in this country.® Such a death-rate 
indicates great suffering in intestines, joints and glands among children 
who survive. These are but a small sample culled mainly from one 
medical journal during six months. It is no wonder that the many 
medical men look upon milk as a highly dangerous food. 

There is a great distinction betw'een safe milk — which we cannot 
afford to wait for — and clean milk, which we may hope to get in time.’ 
The (juestion is: how are we to make milk safe, until we can be sure of 
clean milk? The answer is emphatically pastenrizalion. This answer will 
be hotly contested, but frankly we cannot understand the case against 
it. Pasteurization consists in raising the temperature of the milk to a 
definite degree and maintaining it at that temperature till the patho- 
genic microbes arc destroyed and then at once cooling it and delivering 
it into sterilized containers. The length of time the milk is exposed to 
tlie raised temperature depends on that temperature. At 145** 
time is 30 minutes (the holder process), but at a higher temperature, 
the time necessary for the destruction of pathogenic microbes is much 
shorter. At 162° it may be as low as 15 to 16 seconds. (High temper- 
ature-short time process or the flash process.) Both methods are in use 
in tliis countrv’ and the United States. The holder process is being 
stiperseded by the flash process, which is now permissive in this country. 
Both methods need technical skill in the operator and tliis is par- 
ticularly true of the flash process and. owing to shortage of skilled 
labour during the war of 1939-45, some milk was imperfectly pasteur- 
ized. » It should not be impossible, however, to make the apparatus 
fool-proof. 

1 he advantage of pasteurizing milk lies not only in the destruction 
of jiathogenic microbes. The keeping quality is much enhancccl. If 
ordinary milk is pasteurized in the laboratory by the holder process 
and hold at 34° F. it will keep without significant change for one 

* Goldie and .Maddock. (1043), Lancet, x, 285. 

- SOTHEKLAXI) (i<) 43 ). Lancet, i, 316. * Lancet, ( 1943 ). ^^ 1 - 

‘ .NIekrilkk.^;. {1943). Lancet. 1, S03. ® Lancet, (1945). 

Garroo. (1043). I.ancet. i, 27<»; Wilson (1044). Proc. Nut. Soc., 2, 158- 

■ Mo.nc RiKFE, A. A (1943), o;>. cii « Sutherland. (1943). 3 i<>- 
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month. 1 It is safe to say that no milk could be used m our great cities 
without pasteurization. It would aU have gone sour. The position is 
this: a large majority of the nation would have to do without this 
admirable food if a ban were placed upon pasteurization. . 

There is no evidence that pasteurization appreciably a ters the food 
value of milk. Laboratory experiments have shown that the only 
nutritive losses suffered by the known const, tuents of mi k are 
destruction of some 20 per cent, of ascorbic acid and of jo or 
cent of thiamine.* No one advocates milk as a source of these r.ta- 
mins for its contribution in a mixed diet under the best conditions is 
small There is no loss of vitamin A. riboflavme or vitamin b>. Experi- 
ments on calves by the Hannah Research Institute leave no doiib of 
Us value as a food The growth response of these calves was as great as 
-actualir slightly greater than-the growth of the controls on the 
miirtrom the saL source, but unpasteurized, and where,^ none of 
those on pasteurized milk contracted tuberculosis, several of those on 
raw milk did If no difference between the two milks as regards nutritive 
vaTue in be shown on calves it is unlikely that there is any difference 
ir human beings. For experiments on the value of pasteurized milk 

in the feedine of children, sec p. 338. , j ■ 

If pastcurLd milk is not available tlic milk should be boiled 111 a 
doub e saucepan. It suffers very little change m taste especially if it is 
rapidi cooled after removal from the fire and subsequently strained, 

“'•rhieistvcTy’ reason to advocate the habitual application of one 
or other of these methods to milk before it is consumed “ and we 
look forrsard to the day when the drinking of raw milk will be con- 
sidered as barbarous a custom as the eating of raw meat is at present. 

Preservation of Milk. The commonest methods of preserving 

milk are Dv cvaporatlun ui desiccation. 

Evaporated milk (usually spoken of in this country ^ unsweetened 
condensed milk) is made on a large scale in America. By evaporation 

vacuo the water content of the milk is reduced by 60 to 65 per cent., 
the fat is homogenized to break up the globules and the product is 
finally sterilized. Such a milk is germ-free and the evaporation being 
conducted in the absence of oxygen there is no apprec|ab c loss ol 
vitamins A and D, but there is a loss of 50 per cent, of the thiamine. 

loiK-rcent. of riboflavine and 60 per cent, of ascorbic ac,d.» 

Bv the method of desiccation, milk is passed in a thin layer between 
twoLated rollers, or sprayed into a current of hot air, ,11 such a wa\ 
that most of the water is immediately evaporated, and a fine powdi 


1 Mattick. P>'0C- •Sof., 2 , 

t KoN. (1944). Nul. Soc . 2, 151 
5 KoN. (1944). f'roc. s\'ut. .S'of., 2, 
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results, which contains all the original solids of the milk in a perfectly 
soluble form. There arc now many brands of dried milk on the market, 
of which the table below may be regarded as giving the approximate 
composition. 

The nutritive value of dried milk is fully equal to that of ordinary 
milk and it may be regarded as practically sterile, and it is more 
digestible. 


Composition of Dried Milk 



Whole. 

Skimmed. 

Moisture 

4 -o per cent. 

5-0 per cent. 

Proteins . 

25-6 

35*8 

Fat 

267 

0-7 

Milk sugar 

35*6 

47-9 

Calcium 

0-895 .. 

I -225 „ 

Iron 

0*8 

I *0 mg. per ICO 

\'itamin A 

1070 

30 I.U. „ 

Thiamine 

100 

33 ^ " 

Ascorbic acid . 

0 

0 ,, ,t n 


Digestibility of Milk 

It might be supposed riiat milk, being a fluid, w^ld only remain a 
short time in the stomach, and rapidly pass on into the intestine. Wc 
have seen, however, that milk is only a fluid outside the body. 

C lotting o f Mil k in the Stomach. When it enters the stomach 
it sets into a solid clot, owing to the action upon it of rennin. Now, 
tlie gastric juice is an acid fluid, and it is at first sight surprising that 
curdling does not take place rather than clotting. That this does not 
happen is no doubt to be attributed to the fact that the proteins of the 
milk unite with the acid first secreted by the stomach, and give the 
rennin time to act before the mixture has attained an acid reaction. 

Whether this is the correct explanation or not, there can be no doubt 
of the fact that shortly after milk has been swallowed it is converted 
into a solid mass. 

W’hat the use of rennin is in the stomach is ver)' difficult to see. 
Certainly clotting is not a necessary' preliminary to the digestion of 
milk, for the latter process can be carried on artificially outside the 
body to its most advanced stages, with the milk remaining fliud all 
the lime. There is also ample provision for the digestion of milk in the 
intestine, and if it is so prepared that clotting in the stomach cannot 
take place, its ultimate digestion is in no way interfered with, nor is it 
found that patients from whom the stomach has been entirely removed 
for disease have any difficulty in digesting milk. Rennin^in fact, would 
almost appear to be a superfluous ingredient in the gastric juice, and 
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its presence there is rendered all the more inexplicable by the fact that 
it occurs also in such situations as the gizzards of fowls, where milk is 

never found at all. . • , • * 

After the clot of casein has formed in the stomach, it shrinks into 

a tough and leathery mass, which offers great resistance to the digestive 
efforts of the organ. Were the milk merely curdled, the case Nvoukl be 
quite different; for the particles of precipitated caseinogen are dissolved 
with comparative ease. This is one of the reasons why butter-milk and 
koumiss are often found to be more “digestible” than ordinary milk. 

The investigations of Van Slyke and Hart have thrown a hght on 
the digestion of casein. Calcium caseinate, which is the clot formed by 
rennin forms a flocculent curd, which is not digested by pepsin urdess 
acid is present, but passes almost straight into tlie intestine. This 
happens in young infants, whose stomachs secrete httle or no hydroch- 
loric acid If acid is present, casein is set free, and forms a much denser 
clot, and is digested by pepsin. If hydrochloric acid is in excess, casein 
hydrochloride is formed, which sets into a stiU tougher curd, and takes 

"^'if * thfr Ive wish to lighten the labours of the stomach in the digestion 
of milk we must endeavour so to arrange matters that the milk shall 
not form a tough and dense clot after it has been swallowed. 

Now the density of the clot which milk forms in the stomach 
denends on the one hand, upon the amount of caseinogen and calcium 
salts wh’ich it contains, and on the other hand, upon the depee of 
'iciditv of the gastric juice. The richer in caseinogen and soluble salts 
of calcium the milk is. and the more acid the gastric juice, the tougher 
is the clot On the other hand, by reducing the proportion of these 
different factors, the clotting of the mUk can either be prevented 
altogether or made to take place in such a way that the clot is not of 

great toughness and density. „ . , . *1 

Obviously mere dUulion of the milk with water lessens the pro- 
Dortion of lime salts and caseinogen. and will increase its digestibilitj-. 
Dilution with lime-water is probably not more efficacious than dilution 
with ordinary water,* unless it be in virtue of its slight alkalinity. It has 
been found, however, that the addition of even large quantities of such 
an alkali as bicarbonate of soda to milk does not prevent clotting m 

the stomach. ^ . i # 

Barley-water is sometimes recommended as a diluent instead <)i 

ordinary water. Whilst it has no greater power of preventing clotting 

than ordinary water, it seems to some extent, by its colloidal properties. 

to prevent the clot from shrinking into a tough mass. This is due to the 

starch which it contains. 

I See I‘. W- Whitu. (i<>oi), "Observations on Milk O)agulation an<l DiKvstioti 
(Abstract in tioiton Med. and Surg. Journ., 145. 13). 
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Wright' showed that the coagulation of milk can be prevented by 
the addition of one-fiftieth of its volume of a 25-per cent, solution of 
citrate of soda, which acts by converting some of the soluble lime salts 
into insoluble calcium citrate. Such citrated milk is employed with 
success in the feeding of infants. The presence of the citrate can hardly 
be detected by the palate, and milk contains such a large excess of 
calcium salts that the removal of part of them is no disadvantage. 

Aeration of the milk (such as can be effected by the use of the 
“Sparklets” process) is another important means of combating density 
of clotting. Milk so prepared clots rapidly, but the clot is very friable. 
It is the combination of aeration and dilution that renders “milk-and- 
soda” so much more digestible than plain milk. 

The presence of much acid, as has been mentioned, favours the 
retraction of the clot into a leathery form. Now, the de^ee of acidity 
of the gastric juice varies in different individuals within fairly wide 
limits, and that may explain why some people find milk so much more 
easy to digest than others. For this reason, too, milk may sometimes 
disagree in those cases of dyspepsia which are caused by over-acidity 
of the gastric juice. 

.Another method of preventing the formation of a dense clot is by 
mixing the milk with some substance which wll get in between the 
particles of casein, as it were, and keep them apart, so that they do not 
run into a solid, tough mass, but form a more or less spongy clot. 
Mucilaginous fluids, such as barley-water, act, as we have seen, in this 
fashion. Thickening the milk with a little cornflour or gruel acts 
similarly, so does mixture with other foods. Milk is thus more easily 
digested if eaten along with some solid food — e.g. a biscui^iiitban 
wlien drunk straight off by itself. 

Boiled milk, is found to clot more s lowly both in vitro and in vivo, 
andTo give a less dense clot, than raw milk.* 

The exact lime that milk remains in the stomach under ordin^ 
circumstances has been determined by causing a healthy man to drink 
a definite (}iiantity of milk, and then weishing out the stomach at short 
intervals or by taking advantage of people who can regurgitate at will. 

In a series of experiments on the gastric response to foods, Rehfuss, 
Hawk, and their colleagues^ made the following observations on such 
a man; 

(i) Milk (300 c.c.) drunk rapidly, leaves the stomach rapidly ^d 
produces .smaller curds than milk drunk slowly or sipped. Sipping 

• "Oil the Possible Advantage.s i»f Employing Decalcified Milk in the l-ceding 
of Infants and Invalids.” Lancet. (lS()3). 2, 104; Gonce and Templeton. ( 193 ^). 
.liner /o»r;i. Dis Child., 3q, 265. 

- Hrensem.vnn. Joiirii. Aiiier. MeJ. Assoc., 1, 575. 

^ .inter. Jouni. Phsviol. (1019). 48, 411. 
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produces large tough curds which remain a long time in the stomach. 

(2) Raw milk produced rubber-like curd; milk, boiled 5 minutes, 
smaller and more digestible curds which leave the stomach earlier. 

(3) Skimmed milk produces tough, hard curds; full milk softer curds 
and cream very soft curds. The last, however, leave the stomach but 
slowly. 

(4) The addition of bicarbonate of soda produces smaller curds, not 
so small as those of boiled milk, and they stay longer in the stomach 
than those from untreated milk. 

{5) Pasteurized milk is intermediate between raw and boiled milk. 

(6) There is no observable difference between warm and cold milk as 
regards the size of curds formed and the rate of passage through the 
stomach. 

One or two other points bearing on the digestibility of milk still 
remain to be mentioned. They specially affect its use in diseases of the 
stomach. 

In the first place, it must be pointed out that, thanks to its protein 
phosphates and citrates, milk can act as a powerful buffering agent.' 
In some diseases of the stomach, such as ulceration, in which it is 
desirable to buffer the acidity of the gastric juice, this property of milk 
makes it a valuable article of diet. It has also been pointed out by 
Pavlov that, in proportion to the amount of nitrogen it contains, milk 
requires for its digestion a weaker gastric juice than any other food. 
Hence, the secretory work required of the stomach for its digestion is 
small, and this is another point in its favour in many diseased con- 
ditions of the stomach. The fat which milk contains also exerts a 
restraining influence on the amount of gastric juice secreted. Lastly, 
milk, like soup, and a few other articles of diet, seems to produce a 
secretion of gastric juice independently of reflex nervous influences. It 
is therefore as sure to be digested if poured into the stomach through 
a tube as if it had been swallowed in the ordinary way. This is by no 
means true of most foods. 


Absorption of Milk 

Leaving the stomach, tlie milk reaches the intestine, where its 
digestion is completed by the pancreatic juice. Tliis juice acts very 
powerfully on milk — more so than the gastric juice. By reason of tliis 
provision there is no need to fear that milk will escape digestion, even 
if it be so prepared that it does not remain in the stomach, but rapidly 
passes through into the intestine. 

The question next arises. Is the digested milk completely absorbed, 

‘ Ten ml. of cow’s milk can neutralize 4 ml. of dccinormal sulphuric acid. 

Yro 
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or does it leave behind any considerable amount of waste residue? This 
question may be approached by investigating the degree to which the 
different constituents of milk are absorbed when isolated and given 
alone. Proceeding in this way, it has been found that the casein of milk 
is the best absorbed of proteins. 

It is absorbed as well as. or even rather better than, the protein of 
meat, whilst the fat of mUk enters the blood quite as readily as the fat 
of beef. And one may note in passing the interesting fact that the fat of 
aerated milk is absorbed rather better than that of milk which has not 
been so treated. We are not aware of any experiments in which imlk- 
sugar was given by itself, but it is usual to assume that it is completely 

absorbed. c j .i. * u 

Considering these facts, one would naturaUy expect to find that when 

milk was given as a whole it would be well absorbed. If the different 
components of it are so completely received into the blood, surely the 
whole of them given together will enter the blood with equal ease and 
completeness? But yet it is not so. Milk, when given by itself ^ Vie 
exclusive diet of an adult, is not very well absorbed— worse, md«d than 
any other animal food. Even under favourable conditions, only about 
go per cent, of the energy theoretically obtainable from milk is so 
obtained. The rest is lost as unabsorbed waste. Thus, if 2 htres of milk 
are taken daily, the loss of dry substance amounts to 5 7 to 7 ’o P®*’ oent. 
On 3 litres the waste rises to io*2 to ii -16 per cent. (Rubner). Prausnitz 
found a loss of 9 per cent, when 3 litres were consumed daily. One g. ot 
dried milk ought to yield 5733 Calories. Owing to defective absorption, 
it only yields in the body 5*067 Calories. The loss affecte the proteins 
and fat about equally, and, in a notable degree, the inorganic con- 
stituents and carbohydrates as well. 

These results apply only to the case of adults, and when 
sole food. When the mUk forms part of a mnxed diet it is ^och better 
absorbed. Thus, in an average of ten experiments given by Wait, 
whirl! milk was the exclusive food, only 92-1 cent, of the protein 
and 8b *3 per cent, of the carbohydrate were dig^ted; but in hve 
experiments in which the diet consisted of bread and milk the propor- 
tion digested rose to 97-1 per cent, of the protein and f ■ 7 .P^" ■ ° 
the carbohydrates. The large amount of water which rai^ contains 
seems to interfere with absorption w'hen it forms the sole diet.' 

It is an interesting and remarkable fact that milk is much better 
absorbed by young children than by grow'n-up persons.* Thus, even up 
to the age of 12 the loss of nitrogen, when milk is given alone, is only 

* S’ulrilion Invesiigalions at the VniversHy of Tennessee. U.S. Dept, of Agri 


culture. Bull. No. 53* P* 43* . 

2 Sec Rubner and Heuber. (1898). Ztitf. Diologu. 
by Marcuse). (1806). P/hlgeeS Archiv.. 64. 223; Camerer. (x88o). ZeU. f. Botlogte. 
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4-4 per cent., as compared ^vith more than ii per cent, in the adult.' 
In tL case of babies absorption is even more complete the difference 
being to a large extent due to a more perfect absorption of the moronic 
Situents, the reason for which is the greater demand for calcium 
salts in the infant. This reacts favourably on the absorption of the fat 
of the milk, for unabsorbed calcium salts are apt to form insoluble 

soaos with the fat, and so hinder its absorption. 

The comparative absorption of boiled and unboded 
the subicct of agood deal of expenmental mvestigatiori. Taking the 
hn\p nf the evidence the conclusion seems to be justified, that just as 
bo'tg doe not appr'eciably diminish the digestibility of milk in the 
stomach so it doL^ot to" any important extent mterfere with Us 
absorption in the intestine. One need have no fear, therefore, that the 
great advantages of boiling are purchased at the cost of any noteworthy 

Himinution of digestibility or absorption.* .u • * 

Two other points relating to the behaviour of milk in the '^testing 

ooU <or mention^^The fir^ is,^aj -th 

parrof t^hc intestine, than any other food (Pavlov) This I'®. 

^1 in. in nirt the great value of milk diet in many intestinal diseases. 
"CoVherpoin? isTat milk snems to exercise a restraining influence 
iinon putrefactive processes in the intestine. The explanation of this. 

?. ther it is to be attributed to the casein or to the influence of acids 
"d hom the is still disputed, but of the fact there 

appears to be no doubt. 



Nutritive Value of Milk 

<^it i. freauently smd that milk Ts a perfect-food; Now. this is an 
exaggeration. There is no such thing, except thcoreticaUy. as a perfect 
fooil^But milk docs come very high on list of all sound foods^ A 
perfect food must supply first-class protein, highly assimilable 
Lrbohydrates, all the ‘■mineral” elements in their right proportions, 
and all the vitamins. All this it should do at a moderate cost and in 

"^^^/^liir^upphcs first-class proteins)and the minimal day's ration^ 
found in i quart— not an unreasonable quantity and costing is. id. 
Even at th?s high price per quart milk compares very favourably 

"/Its'fS^ are highly assimilable and decrease the need for thiamine. 
Its Lrbohydrate, while not very assimilable, is none the less very 

useful in metabolism. ) 

• Phausnitz. (1889). Ztit.f. liiologic., 533 ' 

« Fxueriments on young rats Uourn. HygUnf. nm. 9- -‘33) ^howcfl 
lion in the nutritive value of milk when lK>ileci. or even when evaporate.) an.l dried. 
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^lilk contains excellent supplies of calcium and phosphorus, but is 
deficient in iron. Of the vitamins, vitamin A, riboflavine and vitamin K 
are present in considerable amount; it is not devoid of thiamine, though 
its content of ascorbic acid and D are not worth considering. ^ No other 
food than eggs can be said to be so valuable as milk. 

As sole food milk is too bulky, contains too little iron, and is not 
completely assimilable^ 

We conclude, then, that milk is not a perfect food, but it is admirably 
fitted to supplement the deficiencies of other articles of diet. It is one of 
the cheaper sources of animal protein. One shillings’-worth of whole 
milk yields as much protein as one and sixpence worth of beef-steak. 
But milk has the advantage over beef of containing a considerable 
amount of carbohydrate in addition to its protein and fat, and a quart 
of good milk is equal in Calorie value to a pound of lean beef-steak. 
Skim milk is an even better source from which to supplement any lack 
of protein in the diet, for it supplies that constituent in a cheaper form 
than any other animal food except salt fish. Its great value in the 
dietary of persons to whom economy is of importance cannot be over- 
estimated. It is in carbohydrate that milk is specially deficient. Hence 
it should be used chiefly in conjunction with other foods rich in that 
ingredient. Such a food is bread. Bread and milk sufficient to give looo 
Calories costs approximately one-eighth of what a lunch to supply the 

same would cost at a cheap restaurant. 

The claims of skim milk to be regarded as a valuable source of food 
are fully justified, and should be carefully considered by all who are 
responsible for drawing up an ample and economical dietary for large 
miinbers of persons — such, for example, as the inmates of public 
institutions. 

Ihifortunately, the prevailing tendency is to regard milk as a bever- 
age rather than as a food. This is a great mistake, in proof of which we 
cannot do better than quote Dr. Corry Mann’s classical work on “Diets 
for Boys during the School Age .”2 This was an experiment, lasting in 
all three years, on the influence on growth in height and weight of a 
carefully selected and scientifically controlled group of English boys, 
between the ages of 7 and ii years, of the addition, each day to their 
diet, of one pint of pasteurized and homogenized milk. A group of 41 
boys in the first 12 months gained an average of 6*98 lb. per boy, and 
grew an average of 2*63 in. in contrast with the control figures of 3-85 

1 The cholesterol content of cow's milk— 10 to 17 mg. per 100 ml.—givcs it its 
antirachitic power on irradiation, which may be as much as 68 I.U. per pm . 
BicKNEi.L and Prescott. (1953). The Vilamins in Medicine, 542. 

2 Corky Mann. (1926), Med. lies. Council Report, No. 105: Chaney. (1923), 
.Imcr. Jcurn. Dis. Child., 26. 337: Morgan. Hatfield and Tanner. (1926). 

32, 837; McCollum, Orieni Kkills, and Day. (i 9 . 39 ). The Newer hnowledge 
of Kxdritum l-'ifth Edition. 
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lb. and 1-84 in. respcctivcl>-. This increased rate of f(ro\vth 
"flash in the pan" but was maintained even into the third year of the 
experiment. No other food added in control experiments produced 
anything like so great an increase, though it may be noted that the 
addition of New Zealand butter was distinctly advantageous. 

Apart from the marked gain in weight and lieight there was a genend 
improvement in their physical condition-a loss of tendency to chil- 
blains to roughness of skin, and to lordosis. "After eigliteen months 
the report states, "a casual visitor entering the dimng-hall. where the 
boys of nineteen houses sit at table, would never fail to recognize the 
table of that house which was alone receiving the extra ration of milk, 
the boys of that house being obviously more fit than those of any other 
house. In addition they became far more high spintod and irrepressible. 

beinc often in trouble on that account. ... 

! Furthermore, during the winter of 1923-4 there was complete 

absence of illness among the boys with the milk ration^, although in 
othcT houses ... the sickness rate had been somewhat higher han usual 
owing to naso-respiratory catarrh (influenza) and to a limited outbreak 

of measles and scarlatina. • » c ^ 

Confirmatory experiments have been made time and again. Separ- 
ated milk (machine skimmed) was found to be quite as effective as 
whl milk, which confirms the high opinion of its value already 
expressed. In Widdowson and McCance’s experiments on the different 
kinds of bread in feeding malnourished German children, 2 addition of 
mdk made no difference to their rate of growth. This was unexpected 
and seems to show that the active factor m milk « calcium and "ot as 
we imagined the first-class protein. It wiU be remembered that the diets 
of these children were well fortified with calcium and vitamins A. 

siscorbic &cicl snd D* . . 

Milk as an article of diet in disease occupies a unique position. 

No single food, it may safely be said, is of so much value. The drawbacks 
to its exclusive use in health, which we pointed out above, are now of 
no account or are even converted into advantages. Ihe use of milk m 
the dietary of different diseases wiU be considered m detail in a sub- 
sequent chapter, but some of its general properties may be mentioned 

’"‘"Being a fluid, it is easily swaUowed. This is a great gain to exhausted 
natients For the same reason the quantity given can be simply regu- 
lated and measured. Its fluid form also enables it to be used in place 
of other beverages and a glass of mUk with each rneal is one of the 
simplest prescriptions for increasing the amount of food a patient is 

1 For example, Orr. (1928), Bril. Med. Journ., 1, 140; (1929). ibid., i. j6i- 
a WIDUOWSON. E. M., and McCance, R. {i954 ). ^omwci/ Special 

Report Series. No. 287. 
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taking. It is often recommended to people who require to be fattened. 

The amount of water it contains makes milk a means of quenching 
thirst as well as of supplying food. It is therefore grateful to feverish 
patients. 

Its bulk is no serious drawback in most illnesses. A patient at rest 
and warm in bed requires much less food than an active man and may 
even gain weight on 3 or 4 pints of milk per day. although more than 
twice that quantity may be requisite when up and about. In addition 
to this, concentrated foods are not so well borne in severe disease and 
a moderate degree of dilution is an advantage. Milk calls for less secre- 
tor}' effort and is more easily absorbed than any other food and this 
marks milk as a food of special value in gastro-intestinal disorders. To 
these advantages are added the facts that milk contains none of the 
“stimulating” substances found in meat and no purine bodies. From 
the earliest times (Hippocrates, Galen, and Celsus) milk has been 
regarded as a sovereign remedy. Amongst mediaeval writers. Van 
Swieten and Hoffman recognized its great virtues, whilst its most 
strenuous advocate in more modem times was Karell,^ who used it in 
the treatment of dropsy, asthma, neuralgias of intestinal origin, and 
cases of malnutrition. Donkin also did much to make its virtues known, 
while in later years it attained prominence as an important part of the 
Weir-Mitchell treatment. 

It is alleged that a milk diet causes constipation, but this may be 
due to the patient’s being in bed. It is almost certainly a diuretic, a 
tiling to be remembered in feeding young children. 

It must always be remembered that some people are unable to take 
milk since they arc milk sensitive, and suffer from vomiting and diar- 
rhoea if they drink it. Milk should never be forced on such patients. 
Others, however, dislike it, although it does not make them ill. It is 
])ossible to persuade these patients to drink it if the taste is disguised 
with tea, coffee, chocolate or cocoa, or if it is given in the fomi of a 
junket or with rice, etc., as a milk pudding. The milk can also be 
flavoured with pepper and salt as in bread sauce, and a pinch of salt 
added to a glass of milk is sometimes of value, but it is usually difficult 
to persuade these patients to take much milk by these method.s. 


Foods Derived from Milk 

Whey. We have already learnt that whey is the fluid which exudes 
from clotted milk. It is best prepared by adding to 30 oz. of milk 
heated to 104'^ F. two teaspoonfuls of rennet, and setting aside in a 
warm place till clotting has occurred. The clot must then be broken up 
very thoroughly by stirring, and the whole strained through muslin. 

• Karell. (1866), Edin. uied. Jourti., I2, 97. 
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About 22 02. of whey should be obtained with (approximately) the 
following composition; 


Composition 
Water . • • ■ 

Protein 

Fat • • • ' 

Lactose . . • 

Mineral elements 


OF Whev 

, 93 -64 per cent. 

0*82 
0-24 
4-65 
0-65 


A desiccated whey is made under the name of Secwa.^ It contains all 
the constituents of whey in a sterile and soluble form, and is a very 
convenient and useful preparation. 

"y as its composition indicates, is a fluid of but sma nutritive 
value It hardly ever enters into an ordinary diet, but is often an a d 
Tn the feeding of infants. It has slight laxative properties, and should 

be avoided when there is any tendency to diarrhoea. 

The so-called whey cure is a means of treatment sometimes resorted 
to in cases of dyspepsia, especially when occurring m gross feeders 
(■'abdominal plethora"). Its range of usefulness is much the same as 
haronhe grape cure, and, as in it. large allowance must be made for 
the favourable influence of the open air and exercise which form a part 
of the regime. The quantity of whey consumed is at first hmited to a 
?ur!;blerfS night and morning, but the amount is gradually incre^ed 
unril a maximum is reached of ten tumblerfuls per day. The only other 

U onccTi uTed in the treatment of typhoid fever and as its Calorie 
value is very small, this was responsible for the great loss of weight 
which occu^ed. Whey is little if ever used nowadays in the treatment 

‘"^te^'consists essentiaUy of the fat of milk. It would be a mis- 
take ^wever, to suppose that it consists of that alone. It conUms w 
nrotein and sugar in half the percentage in milk itself. =« 
The main^diflcrence. indeed, between milk and cream is that in the 

latter some of the water of the milk has been replaced by fat. 

The Lact amount of fat in cream varies very much the differences 
depending to a large extent on the method by which the cream has 
bec^separated. In 1951 the Minister of Food made an order prescribing 

minimum standards for cream. They are: 


Cream, single cream, fruit cream and coffee cream 
Double or thick cream and clotted cream 
Sterilized cream 


18 per cent. 
48 ,. 




1 Casein, Ltd.. I5aU«rsca. S.W.ii. 

2 Cream contains about i -H per cent, of protein. per 
<,f Jactose. and 0-059 per cent, of caiemm. 


cent of fat. j '.j per ccnl. 
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The well-known Devonshire, Cornish or clotted cream is a special 
variety prepared by heating the milk in deep pans, which causes a 
rapid and very complete separation of the fat. The proportion of fat in 
such cream is not far short of 60 per cent. 

In a nutritional sense, cream is chiefly to be regarded as a fuel food. 
I oz. of double cream yields about 130 Calories, 457 per 100 ml. In sick- 
room feeding it is an important aid in increasing the calorie value of a 
diet, for it is very easily digested. Good cream (48 per cent.) contains 
as much fat as a similar quantity of most cod-liver oil emulsions, and 
is usually much preferred. 

Cream, however, is by no means an economical source of fat. One 
and a half pints of it, do not contain more fat than i lb. of butter, and 
cost considerably more.i Cream, therefore, is to be regarded as a luxury. 

Ice-cream. This substance, univereally used in the United States 
in dietetics, is now making its way in this country. There was a 
strong prejudice against it in medical circles because of its questionable 
bacteriology, examples being quoted of ice-creams containing 2,000,000 
coliform bacilli per ml. 2 Fortunately regulations have been made 
controlling the manufacture of ice-cream which should improve its 
quality. 

With well-controlled manufacture there is no reason at all why a 
sound and nutritious icc-cream should not be on the market. What 
dietitians need is a standardized substance of known composition, but 
at present, if they want it, they must make it themselves.* 

The Food Standards Committee suggested an interim standard* of 
5 per cent, fat, 10 per cent, sugar and 7^ per cent, milk solids. The 
Calorie value of this is under 35 per oz., 123 per 100 g., a sony figure 
compared with American productions: 63 Calories per oz., 222 per 100 
g. l^ritish makers* aim at an 8 per cent, fat content and such an ice 
cream yields about 5 g. C., i *25 g. P., 2 *4 g. F., and 47 Calories per oz., 
165 per 100 g. Dietitians sliould consider using ice-cream in this 
country. It has practically no satiety value, is a source of Calories and 
first-class protein, and is very useful in fevers and after operations on 
tonsils and alimentary tract. 

Butter and margarine which certainly can be regarded as milk 
products are dealt with earlier under foods used for their energy value. 
Their content of protein, though first class, is negligible. 

Butter-milk. This is the fluid left after the fat has been removetl 

* There are on the market cheap emulsi&crs by means of which cream can be 
reconstituted in the home from salt free butter and milk. The product is much 
cheaper than “rear’ cream, and can hardly be distinguished from it. 

■- H.\rdslev. {1938). Journ. Hygiene., 38, 527. 

* One big dairy company puts up an icc-cream mix from which anyone with a 
r«-(riRi“rator can make ice-crcam of definite composition with very little trouble. 

* Lancet. (1950), 2, in. * Food Manufacture. (i 945 ). 20, 48. 
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from soured cream by churning. Its sourness is due to the presence of 
lactic acid, of which, however, it does not usually contain more than 
J to ^ per cent. Its general composition is sho\vn in the followng 

analyses: 


Composition 


Protein. 

Fat. 

I. 30 

0*5 

2 . 2*37 

0-4 

3- 3-7 

0-7 


OF Butter-Milk 

Carbohydrate. 
4-8 Atwater 
3.79 Dunlop 
3*7 Schall 


The chief point in which it differs from milk is its poverty in fat. in 
which respect it resembles skimmed milk. The loss of milk sugar b\' 
the formahon of lactic acid is too small to be of any significance. 

Butter-milk is very easily digested, o^v,ng to the absence of fat and 
to the fact that its casein is present in a finely flocculent form. 

Its nutritive value is considerable, an ordinary glassful yielding about 
as many Calories as 2 oz. of bread. It is as a cheap source of protein 
however that butter-milk is chiefly deserving of notice. In o 

this constituent, it is not one whit infenor to ordinary milk, and yet 
butter-milk is usually thrown out to the pigs. There can be no question 
tha th?re is here a ^eat waste of a very valuable food When used 11. 
tae quantities, bufter-milk has diuretic propert|es which may be a 
Ight disadvantage in health, but would rather enhance .ts value than 

otherwise in many cases of disease. 


Soured Milks: Kephir. Koumiss, etc. 

The preparation of these milks is dealt with elsewhere and a more 
detailed aLunt will be found in an earUer edition. Apparently little 
interest has been taken in these commodities for y^rs in the analy heal 
world We append analyses as quoted m earlier editions and in Schall. 



Pro* 

teio. 

Fat. 

Lac* 

lose. 

Alcoho] 

Mineral 

Elements. 

Lactic 

Acid. 

Koumiss (Rubner) 
Kephir (Rubner) 
Butter-milk (Rubner) . 
Yoghurt (Schall) 

2-2 

31 

3-8 

3-3 

21 

2*0 

X '2 
2-8 

1*5 

1 -6 

3-3 

31 

17 

21 

nil 

nil 

0*9 

0 *8 

0*6 

not 

given 

0*9 

0*8 

0-3 

0*8 


These substances are reputed to be more digestible than the respective 
milks from which they arise. The caseinogen is in a fine flocculent form. 
'Hie carbon dioxide in the fermented drinks (Koumiss and Kephir) is 
supposed to break up the curd in the stomach. The alcohol is not 
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enough to cause more than a mild hilarity, with no subsequent head- 
ache. And the taste is pleasant to those with a conditioned reflex for it. 

There can be no harm in taking it and though we know of no recent 
instance in which its use has proved of advantage it has been recom- 
mended as of value in “all conditions of impaired nutrition, in con- 
tinued fe\'ers and in convalescence. It may also be used ... in chronic 
catarrh of the stomach or bowels, in cases of hepatic cirrhosis, and in 
renal disease. It is often better borne in vomiting than any other form 
of food and has been recommended in delirium tremens."* 

Casein Preparations 

In practical dietetics, the want of a tasteless, compact, easily 
digested and moderately cheap preparation of pure protein is often 
felt. Caseinogen is admirably adapted to meet these requirements, 
and has now been separated from milk and introduced as a dietetic 
preparation on its o^vn account. Casilan, a calcium caseinogenate with 
90 per cent, protein, is such a preparation. It is soluble and useful in 
planning a sodium low diet. It is digested with ease and absorbed almost 
in its entirety, and is capable, if necessary, of replacing all other forms 
of protein in the diet. Added to this, caseinogen presents some special 
advantages not possessed by other varieties of protein. For one thing, 
it is readily capable of "fixing" acids, and so neutralizing them. The 
power of caseinogen in this respect is three times greater than that of 
an equal weight of beef. This property gives it special advantage in 
those cases of dyspepsia in which too much acid is being poured into 
the stomach. 

Caseinogen is a phosphoprotein, which contains all the essential 
amino acids though its content of cystine is low. It is easily digested 
and absorbed and it forms no clot in the stomach. Its main defect is 
that it contains but little calcium, though much phosphorus, for it is 
usually prepared by acid precipitation and not by rennin. 

It is as a means of enriching the diet in protein, rather than as 
sources of energy’, that these preparations are specially valuable. 
Roughly speaking, one may say that one part of them is equal as a 
source of protein to four parts of meat. Their tastelessness and solubility 
enable them to be added to other foods, such as soups, milk puddings, 
cocoa and jellies, raising greatly their nutritive value, and without the 
patient’s being aware that any such addition has been made. In many 
cases of illness, and especially, perhaps, in fevers, they increase very 
considerably our dietetic resources, and have taken an important place 
in treatment. They are superior to meat preparations as condensed 
forms of protein. 

1 J'ood and the PriucipUs of Dietetics. Eighth Edition. 
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There are various preparations of caseinogen combined with glycero- 
phosphate of sodium on the market (Sanatogen. Kemposan. Nervogen). 
In virtue of their casinogen these have the same nutritive value as the 
other preparations considered above. The organic phosphorus in them 
appears to be fully assimilated. It may be doubted, however, that they 
have a "specific tonic effect on the nervous system. 


Cheese 

There are at least 400 varieties of cheeses. They have this in 
common: they contain the casein, some or all of the fat the vitamin 
A. the calcium and phosphorus and some of the thiamine and 
riboflavine of the milk from which they are made. The majority are 
made from cows’ milk, but some are from goats' and ewes milk. 
Cheese is a mode of preserving much of the food value of milk in a 
condensed form for long after the milk from which they are made 
would be unfit for consumption. For example, Cheshire ^ 

best about a year after it is made. Because of the strong fia\ours 
developed in cheeses under the influence of bacteria and mou ds 
cheese is often regarded more as a condiment than as a staple 
this is to be deprecated. Cheese is one of the most valuable foods ther 
is and is a most convenient way of spreading the excess of milk in earl> 

summer in a concentrated form over the whole year. 

It is prepared mainly in two ways. Milk, with or without pastuiriza- 
tion is dirLtly treated with rennet to produce a clot, or the milk ma> 
first' be soured by means of a culture of bacteria after pasteurization 
Ind then clotted with rennet. The first way produces a sweet curd and 
the second an acid curd. Cheeses from an acid curd have much better 
keeping ejuaUties. Stilton is an example of sweet curd cheese, and 

^Instead of using a culture, the milk may be allowed spontaneouslv 
to sour or acids added to bring down the caseinogen In all cases the 

casein clot or caseinogen curd entangles the fat. ^ 

enriched by the addition of cream (Stilton) or it may first be skimmed, 
in which cLe the fat content of the cheese will be low and protein 
percentage increased (Dutch and German cheeses). So even at the firs 
Lge of ^cheese-making individual variations of the finished product 
are^instituted. Where cultures are used it is important to control the 
nature of the bacteria they contain— usually streptococci or 

cremoris-for they are susceptible to invasion by bacteriophage, which 
slows the production of acid and this effects a loss of keeping quality 

^"ARerthe clot has fully formed it is cut with special knives. This 
liberates the whey from the curd, and the mass may be both stirred 
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and wamied, allowed to settle and the whey run off. The curd is 
eventually ground in a mill, salted and put into moulds. The remainder 
of the whey may be squeezed out under pressure. This produces a 
hard cheese, e.g. Caerphilly, Cheddar, Cheshire, Gloucester, Parmesan. 
But where the whey drains out under the natural weight of the curd, 
a soft cheese results, e.g. Camembert, Gorgonzola and Stilton. The soft 
cheeses do not keep well and are intended for early consumption, the 
Jiard cheeses are at their best in the course of a year. The soft cheeses 
are of an open texture and moulds from the air make their way into 
the interior (Stilton, Blue Vinny, Roequefort and Gorgonzola). This is 
often aided, even with Stilton, by pricking the cheese, e.g. Roquefort. 
The amount of salt, the time at which it is added and the date of prick- 
ing also determine the rate and mode of ripening and the differences 
between Roquefort and Danish Blue on the one hand and Stilton and 
Gorgonzola on the other. From the lactic acid present in the curds 
and from the fat, volatile fatty acids are formed (acetic, propionic, 
butyric and caproic), and also from the fat higher non-volatile fatty 
acids. These help to determine the flavour. Sharpness is due to acetic 
and propionic compounds, cheesiness to butyric and valeric compounds 
and pungency to caprioc, caprylic and capric bodies. Moreov^, there 
is degradation of the protein, with ammonia production, which adds 
to the flavour of the cheese. In view of the varied nature of the processes 
by which cheese is made and the complexity of the biological and 
chemical reactions within the cheese as it ripens, we can understand 
the reason why there is such an infinite variety of cheeses and why even 
cheeses of one type vary so much one from another.' 

The value of cheese in nutrition is judged by its content of protein, 
fat, calcium, phosphorus and vitamin A. The following analyses are 
taken from McCance and Widdowson:* 


Percentage Composition of Cheeses 


4 

1 

i ' 

1 

Protein 

Fat. 

Carbo* 

b>‘drate. 

i 

Cal- 1 
dum. 1 

1 

Iron. 

1 

pbo6- ; 
pborus. > 

Calories 
per ox. 

1 

1 

Calories ; 
per j 
100 g. 1 

CbcJJar . • 1 

Cream (home-made) . ^ 

Dutch 

CorgoTuola 

GruyVre . 

•Tackef. 

Parmesan 

St. Ivel . 

StiilOD 

3*2 

24-3 

36*3 

22-5 

84-4 

231 

231 

g. 

34 •& 

36 0 
16-3 
SM 
33-4 

doa 

29*7 

30*5 

40-0 

1 

trac« 

*1 

M 

(• 

»« 

>• 

•» 

tng. 

810 

220 

900 

&40 

lOSO 

724 

1820 

483 

863 

mg. 

' 0-37 1 
014 
0-78 1 

1 

0-26 

0-87 

0*27 

0*73 

0-46 

mg. 

515 

44 

473 

875 

60S 

480 

773 

376 

804 

120 , 
333 

77 

1)2 

131 

106 

118 

108 

186 

422 

816 

271 

391 

461 

873 

416 

880 

476 


» For the technology, bacteriology ana jiavour oi cuevM» » uumuv* 
iiiven to the Food Group of the Society of Chemical Industry should be consulted. 
Kay. (1941), Chem. and Ind.. 60, 411; Hiscox. (1941). 60, 563; Meanwbll. 

<1943). ibid.. 62, 73; Waygooo. (I 94 -^). 62, 59- r-. ■ 1 

'^Chepnical Composition of Foods. ( 1942 ). Med. Res. Council Special Report, 

No. 235. Third Edition. 
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The vitamin A potency of "cheese’' (i.e. Cheddar type) is given by 
the Medical Research Council as 1300 I.U. per 100 g., the thiamine as 
30 UR. (or 10 I.U.) and riboflavine as 500 /xg. These are average fibres 
and vary with the source of the milk and the time of the year. Kay.‘ 
comparing Cheshire cheese made from winter milk with that from 
summer milk, showed that the former gave only about 700 I.U. vitamin 
A activity per 100 g. while the summer milk cheese yielded approxi- 
mately 1500 I.U. The relatively high amounts of riboflavine which he 

found in wnter and summer milk cheese (280 ^g. and 350 Mg- 
tively) must be due to a combination of protein with the riboflavine. 
The low figures for calcium and phosphorus in Shlton cheese are due to 
the removal of those substances by the lactic acid of the whey which is 
allowed to bathe the curd for a long time. A large proportion of he 
calcium and phosphorus of Stilton migrates to the 
there and when the cheese is eaten is thrown away with the crust 
Digestibility. The infiltration of cheese with fat must alwa\s 
rendfr h an Lticle of diet not easily dealt with by the stomach for 
Z fat fonns a waterproof coating, which prevents the access of the 

which reach the sdomach. the slower 
will this access be. Hence the importance of chewing the cheese 
Thoroughly before it is swallowed. Now, it is more easy to pu verize a 
hard morsel than a soft one, for the latter always tends to elude h 
teeth For this reason, a piece of hard, dry cheese is more easily ^'g^sted 
than a soft and moist piece. A better plan, however, is to break up the 
cheese before it is eaten. This may be done by grating, and so successful 
is this that it can be given in this form to infants of nine months of age 
A possible reason for its reputed mdigestibihty is that it is taken at 
the end of a meal and its strong odour flavours any subsequent eructa- 
tions Any other highly flavoured food would do the same. 

It is only in the stomach that the difficulty of digesting cheese occurs, 
once in the intestine, it is absorbed very thoroughly, over 90 per cent^ 
of the protein being retained in the body, and nearly 90 per cent, of 

the energy it contains being "available”;* 

Nutrit^ Value. Of the high nutritive value of cheese there 

can be no doubt. It is just what would be expected when one remembers 
that a pound of, say. Cheddar cheese represents the tot.d casein and 
vitamin A. most of the fat and calcium, and a (Uiartcr of the riboflavine 
in a gallon of milk, or 2 oz. cheese results from i pint of milk. 

The average amount of moisture which cheese 
cent the remainder being made up of protein and fat in 
but on the whole fairly equal, proportions. The amount of wat( r 

I Ckein. and Jntl . bo, 

3 US. Dept, of Agriculture. l-'armtTs' Bull., No. 4^7- 
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moderately lean beef is about 73 per cent., the remainder being also 
made up of protein and fat, the former usually predominating. 

Beef, then, contains less than half as much nutriment as the same 
weight of cheese. It has been calculated that a cheese of 20 lb. contains 
as much nutriment as a sheep’s carcase of 60 lb. Moreover, cheese is 
almost the best source of calcium and phosphorus. A vegetarian who 
took all his animal protein as milk and cheese had the large amount of 
2 g. of calcium per day in his diet.' 

An appeal to the standard of the Calorie gives the same verdict. A 
pound of cheese yields nearly 2000 Calories of energy, which is more 
than three times the amount yielded by a pound of moderately lean 
beef. Furthermore, a pound of cheese can be obtained at about one 
quarter of the cost of 3 lb. of beef, which is its nutritive equivalent, 
and therefore it is at once evident that cheese is a substitute for meat 
which should be of the greatest value in poor households. 

But if cheese is thus to become a cheap substitute for meat, it is of 
the greatest importance what variety of cheese is bought. For it is true 
of cheese in an even greater degree than of most other foods, that in 
buying it we pay for flavour, not for food value. In the 9th edition this 
point was driven home by the calculation of the cost per unit of 
nutriment obtained from different cheese. In 1939 the cost ranged from 
IS. for ''American” Cheddar to 4s. 2d. for St. Ivel. The range to-day 
is even greater. This high price for flavour and convenience is par- 
ticularly marked in the cheese labelled "packet" cheese in the table 
given above. These cheeses are usually manufactured from matured 
cheeses of the Cheddar type which have been milled , melted and mixed 
with milk and the whole pasteurized. They have an individual flavour, 
constant texture and remarkable keeping quality. 

Finally, the biological value of the protein in cheese is high, though 
not :is high as that of the mixed proteins of milk. Henry and Kon^ 
obtained by the method of MitcheU a biological value of 75*6 for the 
proteins of Cheddar cheese and demonstrated a marked supplementary 
relationship between them and those of white bread. But to show that 
supplementarj" action they must be taken together — as^ indeed is the 
usual custom! — and not separated by 24 hours. Moreover, the proteins 
of cheese contain valuable amounts of the important amino acid, 
methionine. 

Cheese, then, is a food the consumption of which is to be encouraged, 
not as a condiment or savoury at the end of a meal, but as a piice df 
resistance. It is portable, compact and highly nutritious. 4 oz. cheese, 
8 oz. of bread and 2 oz. watercress form an almost nutritionally com- 
plete meal. Only vitamin D is missing, though its precursor, cholesterol, 

‘ WiDDOwso.N. E. M. (1936). JoiiTH. Hygiene, 36, 269. 

Hknry anil Kon. (1042), Chem. and Ind., 61, 97. 
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is present. Such a meal yields looo Calories. During the war of 1939-45 
the agricultural labourer was allowed a ration twice or more ^ large 
as the normal individual— a welcome recognition by the Ministry of 
Food of its value in diet. Oddly enough, taste varies markedly in differ- 
ent parts of the country and in different strata of society. The Welsh 
miner for example, readily consumes cheese, but the Durham miner 
will not touch it. There is room for propaganda in favour of cheese. 



it'chemical Composition.-Protein and fat are the chief nutritive 
constituents found in fish. According to the relative proportions 
of these ingredients present,’ fish may be conveniently divided into two 

groups of ^*f^t and lean. I ^ ^ u / 

The fat fish have considerable amounts of fat in their flesh, say from 

10 per cent, upwards. They are bloaters, eel, herring, kippers, salmon, 
sardines, sprats and whitebait. The lean fish have almost neghg^le 
amounts of fat. say about i per cent, or under. They are cod flounder, 
haddock John Dory, lemon sole. ling, megnm. monkfish, plaice. 
p"saithe. sole, stockfish, turbot and witch. It is true that there 
ire some with intermediate amounts, such as bass, bream, bnll, catfish, 
Gumet hake, halibut, mackerel, mullet, poUan, sturgeon and trout, but 
the amount of fat is rarely as high as that of lean meat. 

.. r 4f_ nArP OlVPfl* 




Cod 

Evl 

Haddock 

Herring 

Mackerel 

Plaice 

Salmon 

Smelt 

Sole 

Turbot 

Whiting 



MPOSITION 

OK Fish (Raw) (Plimmer) 


Protein. 

Fat. 

Calorics 
per 100 g. 

Calorics 
per oz. 

14-6 

0*1 

60 

17 

8-7 


176 

5 *^ 

12-0 

0-2 

58 

M 

14-6 

8*8 

141 

40 

11 -o 

6-2 

I«2 

29 

7'7 

07 

39 

1 1 

14-7 

12*5 

176 

50 

11-3 

1-6 

60 

17 

130 

1-3 

67 

ly 

8-8 

1-3 

43 

12 

ii '3 

O'l 



43 

12 


1 In oreoarine this section the writers have derived much help from the follow- 

Atwater W. •. (1891), The Chemical Composition and ^ulrUn•e 
of Food Fishes and AqualU Vertebrates, Washington (abstract from ^eport 
It U S Cemmissioner of Fish and FUheries. 1888 ; Langworthv. C. F. (1898). 
k^h as FeTfTu.S. Dept of Agriculture. Farmers’ Bull. 85: McCance. R. A. and 

Shipp H L (iga), The Chemistry tf Flesh Foeds and their losses oh Cooking. Med. 

C.unof Reports. N*. 187: McCance and Widdowson. 1942). 

Chemical Composition of Foods. Med. Res. Council Special Reports, ho. 235. 3 ^ 

edn. 
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When steamed, or boiled there is a considerable concentration of 
nutrient material, for the protein shrinks in volume and squeezes out 
water. This is evident from the following table based on McCance and 
Shipp, 1 though the figures are not quite comparable, being obtained by 
different methods and from materials from a different part of Great 
Britain. 


Analysis of Flesh of Cooked Fish 



Pro- 

tein. 

Fat. 

Cal- 

cium« 

Iron. 

Phos- 

phorus 

Calories 

per 

100 g. 

Cal- 
ories 
per oz. 


S- 


mg. 

mg. 

mg. 

81 

23 

Cod, steamed . 

. iS-o 

0'9 

14*6 

0-5 

242 

Eel. stewed 

. 110 

i8*i 

417 

1*2 

137 

2 II 

60 

Haddock, steamed 

. 22-0 

(x*S 

54’6 

0*7 

234 

95 

28 

Halibut ,, 

. 22‘7 

40 

13-0 

0-6 

255 

130 

37 

Herring, baked 

. i6-9 

12*9 

58-2 

I *6 

326 

190 

54 

Plaice, steamed 

. i8*r 

1-9 

37*7 

0-6 

24C 

92 

26 

Salmon, 

. 19-1 

13*0 

28-9 

0*8 

302 

202 

57 

Sole, 

. I 7'6 

I '3 

113-0 

0*7 

270 

84 

24 

A 

Turbot, 

. 20*7 

I *6 

13-5 

0-5 

188 

95 

28 

Whiting, 

• 19 -9 

0*9 

42-0 

1*0 

189 

92 

26 / 


Preserved Fish, as purchased 


g. per loo g. mg. per loo g. 


Cal- 

ories 


Cal- 

ories 



Pro- 

tein. 

% 

Fat. 

Cal- 

cium* 

Iron. 

per 
100 g. 

per 

oz* 

Bloater 

. 12-6 

io*5 

84 

1^4 

144 

41 

Cod, hard, dried 

• 27-3 

I -o 

43 

1 *6 

120 

34 

lliuldock, smoked 

. 9-9 

0-3 

47 

0*6 

42 

12 

Kipper . 

. 11-4 

i6-o 

72 

I *2 

130 

37 


Preserved Fish, as served 



Protein. 

Fat. 

Cal- 

cium* 

Iron. 

Phos- 

phorus. 

Calories 
per 
zoo g* 

Calories 
per 02. 

Bloater, grilled. 

22-6 

17-4 

1230 

2*2 

355 

257 

73 

Cod, dried, soaked 24 
hours and boiled . 

32*0 

0-9 

22*4 

1-3 

163 

141 

40 

Haddock, smoked, 
steamed 

22-3 

0*9 

57‘5 

1-0 

248 

95 

28 

Kipper 

23-2 

II-4 

64*8 

*•4 

426 

200 

57 

K a 

Salmon, tinned. 

19*7 

6*0 

66*4 

1-3 

285 

137 

39 

84 

Sardines „ 

20*4 

2 J *6 

409-0 

4-3 

083 

296 


I op . cit . 
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'I'he points in the composition of fish deserving of comment are these. 

1. There is a large amount of waste, in the form of bones, skin, etc. 

As sold, the waste may be as much as 70 per cent., while even 
in fish as served at table it may be 35 per cent. This increases 
its cost in transport when compared with meat. 

2. Fish, especially the leaner varieties, have a high water content 

considerably more than lean meat. 
i Fish contains more gelatin than meat, and this is largely lost 
when fish is boiled— a reason why this method of cooking is by 
no means advantageous. 

4 Fish is poor in extractives and lacks flavour compared with meat, 
and so a fish diet is apt to prove monotonous, 
s. The Calorie value of fish is low, except in the fat fish. 

6. Fish is a good sourse of protein, though not so good as meat or 

cheese. 

7 With the exception of sole and of those fish in which it is impossible 
not to eat some of the bones (bloaters, herring, kippers, sardines, 
sprats and whitebait), fish is a poor source of calcium, though an 

excellent source of phosphorus. ..... 

8. Their content of purine bodies run as high as. or higher than, 

those of meal. 

In spite of these drawbacks, when compared with meat, it forms a 
valuable addition to our diet, and it is absurd that, with the methods 
of refrigeration at our disposal and the excellent fishing grounds near 
the coasts of the liritish Isles, such a source of good protein should be 
so difficult to obtain in most inland parts of this country. Moreover, 
fish is one of the best sources known of nicotinic acid, and the fat fish 
are a good source of vitamins A and D. Herrings and herring roes arc 
the cheapest source of animal protein, and it should be the task of 
dietitians to stimulate a demand for fish and of enterprising firms to put 
fish on the market in a fresh condition. Fortunately the conditions for 
nreserviiig the good qualities of fish have been worked out by the 
Torrey Research Association. Fish after six days' storage in an ordinary 
ship ar(‘ stale and after twelve days when stored in ice. If fish are 
frozen in iced brine at -4° F- and kept at that temperature they are 
still good after six months. White fish frozen at -22"^ F,. while still in 
n£or mortis, are more satisfactory at the end of eight months tlian 
most of the fish now sold on the open market. Herrings, if brought 
to freezing plants on shore while still fresh, can be stored there many 
months and then kippered or packed, obviating the difficulty of gluts. 
Finally, fish can be dehydrated and. when packed in containers filled 
with nitrogen, remain good for a year. The presentation of satisfactory 
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fish and fish products to the public is a question of organization and 
capital. 1 

Digestibility of Fish. The white or lean fish are reputed to be 
digestible, whereas the fat fish are not. There is no doubt that they 
are easy to chew, have but very short bundles or muscle fibres and 
when cooked fall easily to pieces. They are consequently used in the 
diet of the very young, the very old, the dyspeptic, and the convales- 
cent. 

None the less, experiment is not so very much in favour of their 
extreme digestibility. Hawk, Rehfuss, and Bergeim in 75 observations 
on the normal human stomach find that while fish evoke a slightly 
greater flow of acid they leave the stomach but slightly faster than beef 
and beef products. 2 For the present we must rely more on clinical 
observation than upon scientific experiment. It is strongly in favour of 
the digestibility of the white fish. Cod seems to be an exception, having 
a coarse fibre, and its comparative indigestibility, as found by Chitten- 
den and Cummins, is by no means in contradiction with actual experi- 
ence (Pavy). The slow solution of salt fish is fully explained by the 
hardening of the fibres which salting produces. 

The absorption of fresh and smoked fish in the intestine takes place 
quite as well as that of meat, about 95 per cent, of the total solids, 97 
per cent, of the protein, and 90 per cent, of the fat entering the blood 
tLangworthy). Salted and dried fish are not quite so well absorbed.® 

Nutritive Value of Fish. The value of fish as a source of energy 
de]^*nds cntfrely oiT the amount of fat which it contains. The fat fish, 
such as salmon, are fully equal to moderately fat meat in this respect, 
while the lean fish, owing both to the absence of fat and the presence 
of more water, are of considerably lower nutritive value. It may be 
reckoned that 2 lb. of cod or other white fish are only equal in nutritive 
value to I lb. of lean beef. 

Fish can, however, be made to take up a considerable amount of fat 
in the process of cooking and so have its nutritive value greatly in- 
creased. This is shown in the following table: 

Averagk Percentage Composition of Edible Portions of 15 
ASSORTED White Fish (i) Steamed and (2) Fried in Batter and 
Breadckumds (McCaxcf. and Shipp) 

Carbo- Calorie Value 

Water. I’rotein. Fat. hydrate, per 100 g. per oz. 

(1) Steamed 75 4 22-4 1*38 o-o 115 32’6 

(2) Fried 01-5 19-3 11-9 6-4 216 61*4 

1 See The Problem of Supply of Sea Fish in an Incluslrialieed Country. ( 1944 )* 
Food Afanufacture, 19. 347: and Siiewan. (1945), Chem. and Ind., 98. Kbay, 
G. A. (1949), Ckent. and Ind.. 35; Food Man. (1950), 25, 266. 

* Amer. Journ. med Sri. (1020). 171. 350. 

5 Slowtzoff. (1910). Zeit.J. Physik. und dial. I'herapie, 15, 22. 
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As a source of building material, fish is somewhat inferior to lean 
meat owing to the smaller amount of protein which it contains. This 
statement applies more strongly to lean fish than to the fatter vaneties. 
Owing to this smaller proportion of protein, and m part also, in all 
nrobability. to its lesser richness in extractives, fish seems to be a less 
stimulating food than meat. For the same reasons, white fish may 
sometimes be used with advantage instead of meat by sedentary per- 

sons and in hot weather. ^ i. j* i. u 

Two special qualities are erroneously attributed to a fish diet by 

popular fancy. We refer to the beUefs (i) that fish is ^penally valua^e 

as a "brain food," (2) that it possesses aphrodisiac qualities. The false 

bases for these beliefs are dealt with in earlier ethtions of this work. 

Economic Value of Fish. The market-pnee of fish is no indication 

of true economic value. Although such fishes ^ haddock and sole 

are of practicaUy the same nutritive value, yet the price of the latter 

mav be three times that of the former. On the other hand, it by no 

meins follows that none of the dearer varieties of fish is worth the 

Zuey Salmon, for example, yields three times as many Calones as 

an cqlial weight of cod, and thus a pound of the Conner at 7s. may not 

Ilahv be any dearer than a pound of cod at 2s 2d. The amoun o 

waste in fish is also of great importance from the economic point of 

vimv We have seen that the inedible parts of fish as purchased may 

amount in some cases to as much as 70 per cent, of the whole, and 

aUowance must be made for this in calculating the real cost. For t^s 

reason it may be worth while to pay a rather high price for canned fish, 

for in these preparations almost the whole of the material paid for is 

in an edible form. It is a matter for exact calculation. 

As a general rule, it may be said that the cheaper vanetu^ of the 
f It fi.shcs offer most nutriment for any given sum. baited white fish 
probably rank next to these. An average herring contains about 15 g^ 
of edible protein (i oz.) and from 5 to 10 g. of fat, and it has been 
rema ked that the despised bloater "offers the argest amount of 
mdrTrnent for a given sum of any animal food "> and three salt herrings 
comaTn as much animal protein as need enter the daily dietary of an 

‘’'■rhrfusricc^orthT^^^^ is borne out by the calculations which 

aoDcar in the table on p. 354- . , . - , 

The relative cheapness of cod. haddock, and herrings for protein and 

of herrings for Calorics will be manifest; other>vise fish are moderate 
to expensive for protein and extravagant for Calories. ^ _ 

Of the offal of fish we eat only the roe (usually called hard roe ) 

I This is not quite true. Fresh herring and herring ^ 

race Uth Australian and New Zealand cheese in peacetim<- for clnap animal 

protein. 
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Comparative Costs of Protein and Energy as furnished by 

Different Kinds of Fish 


Cod (section 

Haddock (fresh) 

Halibut 

Herrings 

Salmon 

Soles 

Turbot 


Cost per Ration of Cost per i.ooo 
Cost per lb.' First-class Protein.' Calories.® 


s. 

d. 

5. 

d. 

£ 

5. d. 



I 

2i 


7 loi 

y 

8 

I 



II 5i 

6 

0 

3 

8 

I 

5 8 

1 

2 


H 


I 9 i 

7 

0 

3 

1 1 


8 9 

4 

0 

3 

3i 


13 3i 

5 

0 

5 

4i 

I 

2 II 


and the milt (“soft roe”). The hard roe of the sturgeon when salted is 
known as caviare. The percentage composition of hard roe is as follows: 


Protein. I*at. Carlx)hvdratcs. Calcium. Iron. Calories. 


Caviare 

R. 

g- 

g- 

mg. 

mg. 


30-1 

197 

0 

0 

0 

337 

Cod roc 

20*0 

2*0 

0 

15 

1 *0 

98 

Herring roc 

24-0 

JO 

0 

15 

I -0 

123 


Naturally there is much purine in hard roes, and consequently they 
are contra-indicated in gout. 

The milt or soft roc. of which herring roe is the one on the market, has 
a similar composition though considerably more protein (31 percent.). 
Purine again is high. 


I he lobster, crab, and other crustaceans, the molluscs, such as the 
oNster ami mussel, and the turtle and frog amongst reptiles and 
amphibians, may conveniently be considered at this point. 

I hr lohskr and crah both consist of two distinct parts: the flesh, 
whicli is contained in the claws and tail; and the body, which is mainly 
made of liv(T. Tlie flesh is, apart from water, mainly protein. The 
body has even more water {84 per cent.). Analysis of the whole lobster 
shows JO per Cent, j'rotein, 4-0 fat, 2-0 carbohydrate (glycogen), 
Calcium 45 mg. j)or 100 g.. iron i mg. Calories 124. These figures are 
for the edible portion, but as the wastage is 55 per cent, all these figures 
must be reilured by multiplying by 0-55. 

Ihe composition of the crab and the prawn is practically the same. 

The flesh of the lobster and crab is rather indigestible, mainly on 
account of the density and coarseness of the fibres and the thickness of 
their walls. The body of these animals is also prone to disagree, because 


' These are 1955 prices at a hiqli-dass store. The figures will have to be recalcu- 
lated with each change in price It is unlikclv. however, that the relative positions 
will change greatly, though the uctual figures undoubtedly will. 

‘ Calculated on Piimmer’s .\nalvses. 

# 
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a number of unfortunate people arc "sensitive” to their proteins and 

develop allergic diseases after eating them. 

The oyster is the most typical and popular of the molluscs. Chemically 
it contains protein, fat and carbohydrate, but very little of the two 
latter. They also contain iodine, iron and copper. The carbohydrate is 

there as glycogen, as, indeed in all the shell-fish. 

Oysters are easily digested but it must be confessed that one obtains 
very little food for one's money. A dozen oysters contain only about 5 g. 
protein so the stories of enormous quantities being eaten at a sitting 
arc probably true. No longer do oysters and poverty go together as in 
Dickens’ days. They arc now an extravagant food, for a day s ration of 
first class protein in the form of oysters is a millionaire’s luxury. 

Oysters can easily become contaminated with typhoid microbes and 
spread the disease. Their natural habitat in Europe is tlie estuaries, and 
so they come in contact with sewage. Modern English oyster beds arc 
very carefully inspected and kept free from contamination 

Percentage analyses of the molluscs used for food are as follows: 


Protein. 


g- 

Cockles • > ‘ o 

Mussels • * 2-0 

Oysters 10 "O 

Scallops • 

Whelks . 

Winkles > 5 ° 


Fat. 

Carlwhydrat 

g- 

g- 

0-5 

6*0 

2*0 

20 

2*0 

6-0 

2-0 

0 

20 

2*0 

1 *0 

50 


Calcium. 

Iron. 

Calories 

mg. 

g- 

per 100 g. 


26-0 

73 

90 

6-0 

74 

'«5 

6-0 

Si 

U 5 

30 

Si 

55 

6-0 

98 

1.^5 

1 50 

S9 


The remarkable thing about these analyses is the large amounts of 
calcium and iron, but because the wastage (shells) of these sea foods is 
over 60 per cent, one would have to cat more than a pound of wink es 
to L’vt A ma of iron! Shell fish cannot be considered important articles 
of diet moreover many people arc allergic to them and develop urticaria. 

vomiting and diarrhoea after eating them. • 

The 2reen turtle is almost the only reptile used for food in this 
country and that chiefly in the form of soup. It is called green because 
its ”fa^’ has a greenish colour, which, according to bir Hans Sloane, 
imnarts a yellow tint to the sweat of those who partake largely of it. 
In Dreuaring the soup, the dorsal and ventral shields are removed, 
scalded^ to remove the scales, and then boiled till the bones sejiarate. 
The liquor forms the stock. The softer parts of the shield are then cut 
into oblong pieces, which constitute the so-called lumps of green fat 
—really a species of cartilage. Sun-dried turtle forms a soup of equal 
nutritive value, and at a considerably lower cost, while the basis of 
mock-turtle is the gelatinous substance in the scalp of the calf. I-rom 
a strictly nutritive point of view, turtle soup is certainly not worth a 
tenth of the price paid for it. 
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Frogs’ legs <are but rarely seen in this country, though common 
articles of diet on the Continent and in the United States. They are 
derived from the large edible frog {Rana esculenia), and, though easily 
digested and of a delicate flavour, are not of high nutritive value. 

The average percentage chemical composition of turtle and frogs’ legs 
is, according to Langworthy; 

Protein. Fat. Carbohydrate. Mineral elements. Waste, 
turtle 4’2 0’7 — 0*2 77*5 

Frogs' legs 10-2 o-i — 0*7 32-0 

Meat 

Most of what we call meat is muscle — the muscles of the animal 
killed, which enabled it to “move and have its being.” Even tripe is 
mainl}'’ muscle, and so is the edible portion of heart, though brain, 
liver and kidneys, of course, are not. This is no ground for believing 
that meat is especially good for the manufacture of human muscle 
though the distribution and relative amounts of amino acids in its 
proteins are very like those of human muscle. 

Physical Structure. We may' l^k first at the physical structure 
or architecture of meat (Figs. 15a. and b.). If one examines a piece of 
boiled meat, it will be found that it can easily be torn into a number 
'd long, stringy fibres. micrfscopic examination, these are found 
to be made uj) in their turn of bundles of microscopic tubes, known to 
the histologist as muscle fibres. The bundles of fibres vary in length in 
iliiferont kinds of meat. Sometimes they are short, as in the breast of 
a chicken; at other times they' are much longer, as in the leg of a crab; 
and the sh(.trtcr tluy are, tlie more tender and easily digested the meat 
is. Meat should b«' cut or carved at right angles to the long axis of the 
libres. It is then more easily chewed, and, the contents af the tubes 

bfing exi>osi\l, the flavour is increased, while the action of the digestive 
juices is facilitated. 

The walls of the tubes consist of a protein substance (elastin), while 
the connective tissue which holds t#gethcr the fibres is chiefly composed 
of a material called “collagen,'’ which yields gelatin •n b»iUng. The 
older an animal is, and the more w#rk its muscles have had to perform, 
the denser is the connective tissue and the thicker the walls of the 
tubes. 1 he latter fact was long ago pointed out by Dr. Kitchiner in his 
Cook s Oracle. I hat exercise produces strength and firmness of fibre,” 
he says, “is e.xcellently well exemplified in the woodcock and partridge. 
Ihe former flies most, the latter walks; the \ring of the woodcock is 
always very tough, of the partridge very tender; hence the old doggerel 
distich; 

If the Partridge had but the Woodcock's thigh. 

He'd be the best bird that e’er doth fly.” 
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Embedded in the connective tissue between the fibres is a variable 
amount of fat. Sometimes it is almost entirely absent-e.g. m most 
forms of game and in the breast of the chicken; at other times the 
amount of fat so placed is quite abundant. This is the case in pork, in 
highly-fattened beef or mutton, and in swimming birds such as the 
duck and goose, which require a large store of fat. both to lighten the 
body and as a source of heat. A large amount of fat tends to dimmish 
the digestibility of meat, apparently by forming a sort of \vaterproof 
coating around the fibres and hindering their solution by the gastric 
juice, and it is notorious that pork, duck, and goose are rather in- 
digestible forms of flesh. 

S 



l.|C Isa -I^NGITUDINAI. SECTION OK A PRIMARY MUSCLK BeNI>. H. 
^ ‘ fl. Connective tissue; b. muscle fibres; c. fat cells. 


'I he contents of the microscopic tubes or muscle fibres consist of 
water holding in solution proteins, salts, and the substances » 

"(‘xtnetives ■' the whole constituting muscle-juice. Ihe younger tl 
..nfm^ irc 'more water docs its flesh contain, and the lower rs rts 
nutritive value. This may be the explanation of the German sa>ing. 


nutriti 
"('.alf-meat is half-meat. 


1 1 
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The chief proteins which the juice contains are myosin, myogen, 
globulin and ha;moglobin. the first being the most important.* Myosin 
has the property of clotting or gelation after death, the hardening of 
the muscle which results, being known, it will be remembered, as rigor 
ffiortis, or death-stiffening. Meat in that condition is tough, and accord- 
ingly, if tenderness is desired, the meat should be eaten either immedi- 
ately after the animal is killed, and before rigor mortis has had time to 



srt ill. or clsr it sluuild Ik- allowed to hang till the rigor has passed off. 
1 lu' '!i>a]ijii.irana‘ of rigor is due to a resolution of the gel by floccula- 
tion aiul breaking up of its structure. 

1 lu- iicuis'i Mliidi de\-elop in meat on hanging aid the gelatinization 
of the connective tissue which occurs on cooking, and also improve its 
flavour by reinox ing the rather insipid flatness of taste which charac- 
terizes very fresh meat. In the flesh of animals which have undergone 
great muscular e.xertion immeiliately before being killed there is a 
considerable quantity of acid present, even at the time of death. Hence 

* Myosin, which appears lu I>c a pure protein, represents 67*5 per cent, of the 
total intracellular protein, the mv«>gen group, which is comple.x, about 10 per 
cent.; and the globulin \ gr.-up. -’2-=; per cent. B.\te-Smith. (1042), Chew, atul 
373. 

-Sarcolactic acid anti acid phi.sphate^. "Conditioning” of meat is mainly due 
to tlic effect of lactic acid on the collagen of connective tissue. 
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the flesh of hunted animals is of a superior flavour, and in less humane 
ages and countries attempts have been made to develop this flavour in 
domestic animals artificially by urging them to frantic exerUons before 
slaughter. Another way of producing these effects by artificial means is 
by soaking the meat in vinegar and water for a short time. This is found 

to improve the flavour of fresh meat, as well as its tenderness. 

The amount of hemoglobin, or red colouring matter, in the juice 
varies greatly in different kinds of meat, and is usually less m amount 
in that obtained from young animals.^ Ha;moglobm is also found in the 
small blood vessels which form a network around the fibres of meat. In 
animals which have been bled to death it is much diminished in 

amount or altogether removed; hence the pallor of veal. 

The chief inorganic subsiances found in the juice of meat arc jihos- 
jihates and potassium. There is very little calcium in meat. 

Last hut not least, of the substances contained m solution in the 
iuicc of meat are the exiraclives These are so called becmise they can 
be "extracted" from meat by means of boiling water and ^mihar 
to evcrc'one as the dark brown, sticky material which cons i utes the 
chief part of Liebig's Extract. The exact chemical nature of the more 
tLv extractives is to a large extent unknown. 1 hey have no direct 
iiutrhive value, but are of importance as being the chief cause of the 
chamcteristic taste of meat, and. therefore, when they are removed, as 
Jh y are for example, on j.rolonged boiling, the meat becomes flavour- 
's and insipid. Further, it would a,., .ear that the characiecsuc 
flavours of the different kinds of meal are due to minute differences in 
the amount and kind of the extractives j.resent. The age of the animal 
and X way in which it is fed are of great im,.ortance in this connection, 
‘^^e flesh of full-grown animals is richer in extractives and has a fill er 
nalur than the flesh of those which are immature, which exj.lams why 
"m ff laucc^vlth lamb and add spices to veal. The influence o 
TeedTng on the other hand, is w,-ll illustrated by all forms of game, ri.e 
flesh of wild rabbits, which eat aromatic herbs, especially thyme, has 
a much filter flavour than that of rabbits which are fed by hand, and a 
1 , ( wild duck is generally admitted to be a more tasty morsel than 

a mec o tol rearcal i'n a farmyard. Ever^-oue knows too, how 

"f 1 sLr-hirds taste, how su,,erior hill mutton is to its turnip-fed 
substitute, and how in grouse or cajicrcailzie one can detect the arom.i 
of the heather or pine-woods amongst which these birds live 

The chemical cLposition of meat varies considerably, dej.end.ng 
as i^ does on the articular "cut" examined, on the breed of the 
nlm d and on the degree to which it has been fattened. It must be 
noted, also, that by no means the whole of ordinary butchers meal 

1 wconliax ... Kcoisick r. «/. .See, />/.. I‘v,l . m;, Ih- imn 

,l„, luem.lil..l.in is availal.le when the meat .s c.ohe.l. 
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consists of edible matter, a large part being made up of bone, gristle, 
tendon, and other inedible portions. In an average piece of meat these 
waste matters may be reckoned at 17 per cent, of the whole, ^ and the 
proportions of the constituents in the lean edible part are about as 
follows : * 


Water .... 

75 cent, 

Intra-cellular protein 

161 „ 

Extra-cellular (collagen, etc.) 


Fat .... 

3-0 „ 

Mineral elements 

07 ., ., 

Extractives 

0-8 „ „ 


Other analyses represent the proportions of the chemical substances 
present tinis: 

100 Parts of Lean Beef without Visible Fat (Bischoff and Voit) 


Water . . . . . 75 ’90 

Protein (intra-cellular) j8'36 

Gelatin (extra-cellular) . i '64 

l''at ...... o '90 

Mineral elements . 1-30 

Extractives ..... i -90 


Tlie effects of fattening are shown in the following table, in which the 
composition of lean, medium, and very fat beef is stated in round 
numbers: 



Water. 

Nitrogenous 

Mattcr .3 

Fat. 

Mineral 

Elements 

I.ean 

• 76-5 

21 

I -5 

I 

Mmliiuu 

• 73 

20-5 

5-5 

I 

X'ei v fat 

• 53 

17 

29 

I 


I lie I'liief jioints to note in this table are: (i) The large amount of 
water wliicli meat contains, .‘\bout three-quarters of its total weight 
is made up cd water, or. stated othenvisc, i lb. of meat contains | lb. 
water and \ lb. of nutriment. It lias been already pointed out that the 
flesh of young animals is relatively richest in water. (2) The relation 
between water and fat. The more there is of the latter present, the less 
there is of the former; in other words, when fat is deposited in a muscle, 
it replaces water, and not protein, and so the gain in nutritive value is 

I The Nutritive I nines of Foods. Medical Research Council (i 945 )' 

* Batf.-Smith. (1942), op. cil. 

3 “Nitrogenous matter” is the ligure obtained by multiplying the amount of 
nitrogen in 100 parts by 6*25; i.e. it is assumed that it is all protein. In reality 
only 85 per cent, of the total nitrogen arises from protein and the remaining 15 per 
cent, comes from extractives. The factor for converting extractive nitrogen to 
extractives is 3‘i2. 


MEAT 36r 

an absolute one, and is not attained at the expense of a loss of nitro- 
genous constituents. The above analyses refer especially to beef; the 
composition of the sorts of meat are given in the table. 


Percentage composition of raw .meats. Euible Portio.n 


Bkbp 

Whole carcase 

Sirloin 

Steak 

Stewing steak 
Brisket 
VSAL 
Mutton 
Carcase 
Leg . 
Shoulder 
Scrag end 
Pork 
Carcase 

Loin 
Bacon 
Side . 
Gammon 
Back rashen 
Streaky 


Pry 

lem. 

6- 

Fat. 

g. 

Cafbo- 

li yd rate. 

Cal* 

cium. 

mg. 

Iron. 

Vita* 
nun A 
I.U. 

. 150 

26 0 

0 

10 

4 0 

50 

. 160 

23 >0 

0 

10 

4*0 

50 

. 14 0 

29*0 

0 

10 

4 0 

50 

. 170 

16 0 

0 

10 

4 0 

50 

. 190 

38 0 

0 

10 

4 0 

50 

. 17 0 

170 

0 

10 

2*0 

50 


J Ilia* 
imm*. 

bO 

SO 

bo 

90 

SO 


Acid. 

0 dl'J 17 

0 271 17 

0 Sir 0 

0 0 

0 0 

0 221 22 


. 13*0 

31 0 

0 

10 

2*0 

50 

. 16*0 

19 0 

0 

10 

20 

50 

. IS O 

80*0 

0 

10 

2 0 

50 

. 15*0 

16*0 

0 

10 

2 0 

50 


10O 

ion 

160 

ion 


0 391 17 

0 235 1*5 

0 323 16 

0 222 16 


. 12*0 

400 

0 

10 

1-0 

. 150 

250 

0 

10 

10 

. 12 0 

430 

0 

10 

10 


72n 

720 

720 


0 403 16 

i> 2S5 16 

ii 435 b 


. 11 0 

45 0 

0 

10 

10 

. 16-0 

90 0 

U 

10 

1*0 

. 13-0 

40*0 

0 

10 

1-0 

. 9*0 

55 0 

0 

10 

1*0 


600 

CIHJ 

con 

600 


0 44» 12 

u 334 15 

0 412 12 

0 531 14 


It must be clearly realized that these results are merely approximate, 
and may vary considerably in different cases. Thus, in very young 
calves the amount of water in the flesh may be 8o instead of only (>5 
per cent The relative proportions of gelatin and other protein also 
fluctuate considerably. The flesh of young animals has more gelatin in 
proportion to protein than that of older animals lienee the value of 
veal in making soups. Red and white meats differ but little in their 

content of extractives, including purines. » 

Changes Effected by Cooking. We have already stated that the 
general effect of cooking on the structure of meat is (i) to loosen the 
fibres by converting the connective tissue which holds them together 
into gelatin, and (2) to remove some of the fat. The exact projiortion 
lost depends on its melting-point, the fierceness of the heat, the time of 

exposure to heat, etc. . , . , -j.- t 

The chief effect of cooking on the chemical composition of meat 

is to diminish the amount of water which it contains. It occurs 
even when the meat is boiled. This is important, for it entails 
a very considerable increase in the nutritive value of cooked, 
as compared with raw. meat, a result which is the very reverse of that 
which follows the cooking of vegetables. In consequence of this loss 
of water, an ordinary plateful of cooked meat, weighing 4 oz., may be 
regarded as equivalent to 5 oz. of raw meat. Another effect of cooking 
on the chemical composition of meat is the removal of part of the 


1 McCancb and Shipp. (i 933). "The Chemistry of Flesh Foods and their lo-sse.s 
on Cooking.” Mtd. Res. Council Special Report Series. No. 187. 
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extractives. This is most marked when boiling is the method employed, 
but it also occurs to a considerable extent even in roasting. Some of the 
salts are also dissolved out by boiling, and reference has already been 
made to the fact that cooking removes some fat as well. 

The following table is compiled from anah'ses by McCan’CE and 
Shipp.* 


Pkrcent.vces of Protein .and 

F.at in Cooked 

Me.at 

Meat. 



Protein. 

Fat. 

Bacon, fried streakv rashers 

9 • 

24 -o 

46*0 

Beef, corned 



22*3 

15 -o 

roast 


« % 

26-8 

12-3 

fieefsteak, grilled 

♦ 

♦ ♦ 

^ 3*2 

21 -6 

Chicken, boiled 


» 9 

26-2 

10*3 

,, roast 

♦ ♦ 

9 # 

29-6 

7*3 

Duck, roast 


• 9 

22*8 

236 

Cloose, roast 

♦ ♦ 

9 ♦ 

28-0 

22*4 

Grouse, roast 

♦ » 

• 4 

30-1 

5-3 

Guinea-fowl, roast 


9 9 

32*5 

8*2 

Ham, lean, boiled 


• 9 

231 

13-4 

Hare, roast 


9 9 

31-2 

7*0 

Mutton, roast leg 

« 4 

9 9 

25 0 

204 

Partridge, roast 

4 ^ 

# 1 

35'2 

7*2 

Pheasant, roast 

4 « 

9 9 

30-8 

9-3 

Pigeon, roast 

4 « 

« 9 

26-8 

13*2 

I’ork, roast leg. 

• • 

9 9 

24-6 

23'2 

babbit, stewed 

% 4 

« 9 

26'6 

7.7 

turkey, roast . 


4 9 

30-2 

7.7 

\'eal, roast fillet 

♦ 

9 9 

30-5 

11-5 

W nison, roast haunch 


9 9 

35-5 

6-4 

Dlol-STIUILITY 

.AND Absorption 

OF Me.at 



All solid foods are “digested” in the stomach in a physical sense; 
that is to sa>-, tin y are jnilped, in which condition alone they are able 
to pass on into tin intestine. Hut meal is a food W’hich is chemically 
digesii’d in the stomach ; much of its protein is changed to metaprotein 
and alhnmosr. X«)W. it mav be laid down iis a rule that the greater the 
extent to whirii the clu inical digestion of a food goes on in the stomach, 
the easier does its mechanical tligestion prove. Hence, although meat 
makes considerable demands on the gastric juice, it does not throw any 
great strain on the mechanical resources of the stomach, and for that 
reason it must be regarded as among the more easily digested of the 
solid foods. 

The first change which takes place during the digestion of meat is 
that the fibres swell up and become softened; their colour then changes 
to a greyish-yellow; they fall ajxart, and the mass becomes pulpy. Last 
of all, the individual fibres split up either into longitudinal threads or 
* op. cH. See also Hanna. 10133-4). Joudi. .imer. Diet. 9, 18S. 
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transversely into discs. It will be evident that the ease with which 
these changes can occur must depend on many conditions. I he harder 
and denser the connective tissue which holds together the fibres, the 
less readily will they separate, and the greater the amount of fat be- 
tween the fibres the less readily can tlie gastric juice act upon the latter, 
hence the indigestibility of tough and fat meats. Ihe longer and thicker 
the individual fibres, the more slowly are they split up; hence the 
improvement in the digestibility of tough meat which results from 
breaking up the fibres by pounding the meat across its cut ends. The 
influence of cooking also is of great importance. 

In general it has been held that raw meat digests more easily than 
lightly cooked meat and that overcooked meat is difficult of digestion. 
By "lightly cooked” is meant a condition in which the meat is firm and 
not flaccid. When its internal temperature reaches about 60-63'’ C. 
(140-145* F.) the meat becomes firm, but is still red. Well-done meat 
has reached an internal temperature of 70*-8o* C. (i58*-i76'’ F.).‘ On 
the other hand Uflelmann,s in experiments on a boy with gastric 
fistula and CUfford.a viiro. maintain that raw meat is the most 
indigestible form. In view of the difficulty of chewing raw meat and o 
its antiferments and the probability of the psychological inhibition o 
gastric juice when raw meat is eaten, we should expect it to be less well 
digested than cooked meat. Individual idiosyncrasies may account for 
the conflict of views in feeding patients. Such idiosyncrasies should be 

respected when feeding the sick. 

The Relative DigestibUity of the different kinds of Meat. 
Few exact data are available with regard to this. 1 here is a general 
impression that mutton is more easily digested than beef, which .some 
have attributed to the finer fibres and looser connective tissue of the 
former. Veal is believed to be somewhat difficult of digestion, though 
this is denied on the Continent of Europe. The difficulty of digesting 
veal is somewhat surprising, for the connective tissue, though abund- 
ant. is very easily changed into gelatin. It is believed by some that the 
explanation is to be found in the case with which the fibres of veal 
elude the teeth on mastication; the rather insipid taste of veal may also 
be a contributive cause, for such foods do not tend to excite a free fiow 
of gastric juice. Pork. too. is accounted indigestible though the ra e o 
pa^ge of pork from the stomach does not bear out that suggestion. 
On the other hand, bacon can often be eaten with impunity by persons 
to whom pork is intolerable. If we accept the rate of passage of foods 
through the stomach as a measure of their digestibility we find tliat 

» Bakrr. (1042). Chem. ami In.. 458. 

2 iJeut. . Irrh ./. Klin .Med.. {1877), 20. 3 iV 

3 limit. Joton. (I03”)- '7^^' 
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Iamb among the meats is a little more digestible than beef, and that 
pork is less digestible than beef. Pork chops, fried ham and bacon 
remain still longer in the stomach. The secretion of acid by the stomach 
is inversely proportional to the time of passage of the food through the 
stomach — at any rate with meats.' 

The breast of chicken and game is amongst the most digestible 
forms of meat, but the leg muscles are often very tough. Very fat 
poultry, e.g. duck and goose, should be avoided by the dyspeptic, as 
the fat of such birds renders the flesh indigestible. 

The absorption of meat is high. It has been sho^vn that only about 
5 per cent, of the organic matter in meat fails to enter the blood, and 
that, as the result of this, meat is a food which leaves a very small 
residue in the intestine. This gives it a special value in some cases of 
intestinal disease. 

Nutritivk Value and Economy of Me ail 

''' The principal nutritive constituent of meat is protein and it is as a 
compact and easily-digested source of this that meat is chiefly of value. 
Meat protein is characterized by the rapidity with which it can be 
digested and absorbed into the body; its absorption coefficient is 
remarkably high; and it has a high biological value. It is, moreover, a 
"quick fuel" with a high specific dynamic action. This gives it an ad- 
vantage in cold weather, but because of these "heating” qualities its 
use should be restricted in summer. ^ 

has been held that meat proteins (or possibly the extractives of 
meat) produced a stimulating effect on the cells and on the body 
generally, and the feeling of well-being which follows a meat meal has 
been jiut down to this cause. Meat is also supposed to arouse animal 
passion and to excite savages not accustomed to it to a nervous con- 
dition amounting almost to intoxication. | 

All this must surely be exaggerated, tor it is not borne out by 
observations on the diet of native races. Whereas the Masai* may be 
warlike on their diet consisting mainly of milk, meat and blood, the 
Eskimos on a diet of meat, fish, game and egp are one of the most 
peaceful of peoples and from all accounts not libidinous. 

Meat is one of the few articles of diet on which life can be supported 
alone for an almost indefinite time, even by inhabitants of temperate 
climates. It is stated that Stefansson, the Arctic explorer, during one 
of his expeditions lived solely on meat for nine months, and that during 
tliat time he reached his maximum weight, was in excellent health and 
never suffered from constipation.® 

' H.wvk, Rkjifuss, and Bergeim. (1926). Amer. Journ. Med. Sci-, 171, 359 - 
• (1031), yifd. Council Special Report, Xo. 155. 
srj.ARFNCK I. ini'. (1026), Journ. Amer. med. Assoc., 88, 25. 
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These observations hav^ been followed uplSy a series of laboratory 
experiments in the Russell Sage Institute upon Stefansson and one of 
his assistants in Arctic exploration. Both lived on a diet of animal 
protein, mainly meat, for a year and there was nothing to differentiate 
them during that year either from other normal people or from their 
state before and after the experiment except a mild ketonuria* which, 
however, was accompanied by none of the usual subjective symptoms. 
There was much less flatulence as judged by X-ray photographs than 
when on a mixed diet and the stools were not offensive. 

A meat diet entails an extremely high intake of protein, less of fat 
and still less of carbohydrate. Stefansson found, both in his Arctic 
voyages and in his experimental period of meat diet, that fat was 

essential and lean meat alone not tolerated. 

There is evidence that most of the ills attributed to a high meat 
diet— nephritis, high blood pressure, deposition of urates in the joints, 
lowered alkali reserve, increased putrefaction in the colon and con- 
stipation— are non-existent. Man has survived possibly a million years 
of such diet. Moreover, there are to-day hardy races, both in polar and 
c(|uatorial regions, whose diet is mainly meat. There is no evidence that 
the Eskimos suffer more from nephritis, hyperpiesia and arthritis than 
Europeans or Americans. It is true that the Masai* suffer from arthritis, 
but a medical officer from Kenya, in a private communication, gave it 
as his opinion that it is probably gonococcal in origin and not dietetic. 
We conclude that these supposed ills arc unsubstantial bogies. 

None the less, meat as a sole source of food is impossible mainly on 
account of its cost. Besides, it would take anything from 3 to 5 lb. 
of meat daily to supply the requisite number of Calories, and meat. 

as a food, is rather bulky. 

The relative nutritive value of different sorts of meat depends 
chiefly on the amount of fat they contain. Fat. as we have seen, 
replaces part of the water, and not the protein, of the leaner meats, 
and thus the fat meats are better sources of fuel than the latter, while 
not inferior to them in building material. Kean’s employment of 
different meats according to the part he had to play that night— pork 
for tyrants, beef for murderers, and mutton for lovers— has, as yet. no 

strictly scientific backing. 

The Economic Aspect of Meat as a Fooi...-d«^5m an economic 
point ofView mearis^earibaitriyStli foT^ergy and body-building 

material. ■ 1 1 i 

The costliness of it, however, can be considerably diminished by 

selecting the cheaper “cuts.” which arc equal in nutritive value to the 

dearer kinds, though inferior in tenderness and flavour. The question 

I McClkllan and Du Bois. (1930). Journ. biol. Ckein.. 87. 051. 

* (iKR and Gii-KS. (1931), Afed. Res. Council Special Report. No. 155. 
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of waste from bone, etc., must also be considered. Thus, in the case of 
mutton and pork, the leg contains relatively less bone than the shoulder, 
and in beef there is a much larger proportion of bone in the shin than 
in the round, and of these the least bony parts will be the most eco- 
nomical from a nutritive point of view. Much, too, can be done to 
diminish the cost by the use of the cheap imported chilled meats. 
These are equal in nutritive value to fresh meat, and are only slightly 
inferior to the latter in keeping qualities. They are not much drier 
than ordinary meats, as is often stated, for chemical analysis shows 
that the proportion of water is only lO per cent, less than that of fresh 
meat, while their digestibility is precisely the same. From an economic 
point of view, also, it must be regretted that there exists a prejudice 
against the use of horse-flesh as a substitute for ordinary meat. It is 
well flavoured — indeed, a Chateaubriand steak is said by connoisseurs 
to be best when made of horseflesh — and any toughness can be over- 
come by suitable cooking. 

It should be remembered that all small animals, such as rabbits, 
arc necessarily expensive forms of meat both on account of their active 
metabolism, which implies that the greater part of the food they eat 
is lost in the form of heat, and also because of the relatively large bulk 
of their viscera. It is therefore impossible to hope that they can ever 
be a cheap form of animal food for the poorer classes. 

Offal. There remain to be dealt with parts of animals, other than 
the flesh, which are sometimes used as food, and which are usually 
classed together under the unsavoury title of offal. These comprise 
such articles as the kidneys, liver, sweetbreads, blood, heart, lungs, 
and other internal organs, and together they make up about one-thiid 
of the total weight of the carcase. The importance of some of these in 
diet cannot be overrated. 

The general composition of these articles is shown in the following 
tables; 

It will be observed that, from the chemical point of view, they are 
substances of considerable nutritive value, and as their price is also 
for the most part low, as compared with that of ordinary meat, they 
must be regarded as important sources of protein in the diet. Moreover, 
they have remarkable properties in supplying protective factors in the 
diet, such as vitamins, iron, etc. Liver has massive quantities of 
vitamin A and the B complex and available iron; the rest are very 
useful for thiamine. 

Tlic liver and kidneys resemble one another in being compact, solid 
organs, containing but little connective tissue. This physical property 
renders them somewhat difficult of digestion, unless they have either 
been minced before cooking {as the liver is, for instance, in making a 
haggis or a faggot), or arc rather carefully chewed. Chemically, both 
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Percentage Composition of Offal (raw) 


\\^ater. 


Blood 

80 -8 

Brain 

8 o -6 

Heart (ox) 

62 -6 

(sheep) 

695 

Kidney (ox) 

76-7 

(sheep) . 

78-7 

Liver (ox) 

71-2 

.. (sheep) 

61 -2 

Lung (ox) . 

79-7 

„ (sheep) 

75-9 

Sweetbreads 

70-9 

Tongue (ox) fresh 

63 *8 

smoked and salted. 

357 

Tripe . • • • 

74 


Nitro- 

genous 

Matter.* 

Fat. 

Carbo- 

hydrates. 

Mineral 

Ele- 

ments. 

i8-i 

0-2 


0-85 

8-8 

9-3 


IT 

i6-o 

20-4 


1 *0 

17*0 

12-6 


0-9 

i6*9 

4-8 

0-4 

I -2 

i6-8 

3-2 

— 

I ‘3 

20-7 

4-5 

1-5 

I *6 

23-1 

9-0 

50 

17 

161 

3-2 


I *0 

20-2 

2-8 

— 

I -2 

i6-8 

i2-r 


1 *6 

17-1 

i8-i 

— 

1 -0 

24-3 

31 *6 

— 

8-5 

iO-4 

8-5 


0-5 


Composition of Qyt-Ai. (Cooked) (afteh McCakce and Shipp) 


brain, calf, boiled 

Heart, sheep, roasl 

Kidney, 01 . slewed • • 

Uv^r, calt. IrieJ alter rolling in 

flour • . ‘ 

Sweeitread, sbeep, stewed . 
Tongue, sheen, frt-sh. stewed. 
Tripe, dressed, suwed 


Vi-0 

25«7 

20 0 
22-7 
19*0 
18 0 


Pal. 

Carbo- 

hydrates. 

Calcium. 

Iro&. 

Calories. 

i^g. 

Calories 

per 

02 . 

g 

g. 

mg. 

mg. 



*•8 

0 

lC-0 

2*0 

102 

29 

U*7 

0 

9*5 

8*1 

239 


0*8 

0 

20*8 

71 

158 

40 

14*5 

2*4 

8 -a 

21*7 

280 

74 

0*1 


14*8 

1*6 

170 

51 

24*0 

- 

IM 

3*4 

297 

84 

S *0 


127*0 

1 e 

107 

20 

' with a small amount of fat.* 

Much 


COnblbt ciJivAiy , 

nucleoprotcin is present in the proteins of liver, kidneys and sweo^ 

breads and as on digestion and metabolism these break down to uric 

acid these foods should be avoided by gouty folk 

The hearl resembles ordinary meat very closely as far as chemical 
composition is concerned, but differs from it in being of a denser 
structure and therefore less digestible. For healthy persons, however, 
it is an excellent and economical food, and might with advantage be 

made larger use of than it is at present. 

BhocI used in making “black puddings." is by no means a good food. 
The fluid which carries food to the tissues has hardly more food value 
than a cart taking potatoes to market. It is very w-atery (79 per cent.), 
it contains very little fat and carbohydrate, and its haemoglobin is not 

8 A ^omal liver has about 3 per cent, fat, but it may contain up to 25 per cent, 
and then is much pleasanter to eat. (pAU de fate gras). 


Ain» 
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very digestible. Moreover most people feel repugnance at eating blood 
and there is no reason to advocate its consumption. 

The lungs, from the fact that the air which they contain enables 
them to float in water, are popularly spoken of as the "lights.” They 
are rarely eaten by themselves but, minced, form one of the 
ingredients of faggots and haggis. The lungs contain large amounts 
of elastic material which, though protein in nature, is only imperfectly 
capable of digestion. 

Under the term sweetbread two distinct organs are included. The 
"throat sweetbread" is known to anatomists as the thymus gland; 
the “stomach sweetbread" as the pancreas. The thymus of the calf 
is the one most frequently met with in the market. Both glands are 
cellular organs, held together by a loose and delicate connective tissue. 
'I hey leave the stomach rapidly and rank among the most digestible of 
foods. Since they contain much nuclco-protein, sweetbreads may prdve 


harmful in gout. 

Tripe is the name applied to tlic stomach and intestines of the ox 
after being cleaned and boiled. It contains a large amount of connective 
tissue, readily changed into gelatin on boiling, which renders the 
fibres easily digested. It contains fat in small amount, but not diffused 
tlirough the muscular part. Its rate of passage through the stomach is 
slower tliLin that of beef,* but in the intestine it has been found to be 
as completely absorbed. 2 Unfortunately, the absence of extractives 
causes tripe to be ratlicr deficient in fla\'oiir, but otherwise it must be 

regarded as a valuable and easily-digested food. 

rhe brain of animals is oniy occasionally eaten as food. Brain 
contains a small amount of protein and some fatty material including 
cholesterol ami lipines, the last liaving phosphoric acid in the molecule. 
In tlu stomach, owing to its soft consistency, brain is more rapidly 
disintegrated than any other animal food. but. unfortunately, it is very 
imiXTfectU- absorbed ^ 43 per cent, of it reappearing in the faices {vide 
infra). In spite, therefore, of its easy disintegration, it cannot be 
regardutl as a valuable food for invalids, nor is it in any sense specially 
apt to ' make brains." 'Some fancy," says an ancient writer.^ "that 
Rabbits' P.rains weaken the Memory, because this animal cannot for 
a inoiiicnl after retain in inind the Foils laid for licr and that she had 
just escaped; but this conjecture, being grounded upon a weak Founda- 
tion, I sliall not stop here and go about to confute it." The idea that 
l^rain can in any way contribute to the nourishment of brain is grounde 

on an cfiually "weak foundation.” 

'I'lie comparative absorption of some of the articles of which we have 
been speaking, as found by exi)erimcnt, is given below. 


• Hawk ct al. (1919). -Itncr. Jourii. Physiol., 49, 174. 

- Sr.LOMiN. (iSoe), .itch. f. Jlygieut-, 27, 176. 3 I.exiery. (1745)- 
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POTTED MEATS AND SAUSAGES 
Voit‘ states that: 


100 parts of dry liver yield 5 parts of dry fajces. 
.. lung 8 

thymus ,, 7 .. >• 

’’ „ brain „ 43 


Emil Bergeats found the loss of nitrogen in the dog to be: 


In meat 
In thymus 
In liver 
In lung 
In brain 


2 •! per cent. 


3-2 

3 - 3 

4- 2 


>> 


ft 


13-9 


Potted Meats. These are of such varying composition that it is not 
worth while giving analyses except for Kdnig's of pdle de foie gras 
and the comestible called "meat paste. 



Water, 

Nitro- 

genous 

Matter. 

N-free 

Extract- 

ives. 

Eat. 

Mineral 

Ele- Salt, 

ments. 

Foie gras 
Meat paste 

. 4<^'04 

. 69 

M-59 

12*0 

2*67 

33-59 

8-0 

3-II 0-22 


Sausages are mentioned in the Odyssey and again in Aristophanes 

and have been a common food, and a source of humour from those early 

davs till now.‘ Sausages which are sold to be eaten cold have been 

cooked these which are meant to be cooked, are made of uncooked 
cooKca ingredients mainly cereal, seasoning and herbs. 

Tlmir "itio^ varL® very much with the make and with the 
economic sLte of the country. In the war of 1939-45 the meat content 
fell to 37I per cent, and addition of soya bean grits was compulsory. 
Since tSVlr the minimum has risen to 50 per cent and 80 per cent 
oi the meat in a "pork" sausage must be pork.^ Local authont.es asked 
in 1954 that the percentage of meat should be at least 65. 

Here are some analyses.’ 


1 /eit. /. Biologic. (1889). 25. 232- * *4. 220. 

3 A paste made from the livers of artificially fattened geese. 

A n - Tlicv are like life for you never know what js in them till you have been 
througi. them" and "Cod alone shouUl cat sausages, lor He alone knows what is 

‘".Tonf'!, O. (iMU). Ch.m. and lad . 74. ' 

1 Collected by Magnus Pvke. (i 949). Chem. and Ind., 738. 
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Beel 

Pork 

Liver 


Composition of Sausages per ioo g. 


ProtelD 

Fat 

g- 

Carbo’ 

h\*diate 

g- 

Iroa 

mg. 

Tbiamine 

mg. 

Rlbo- 

flavine 

mg. 

Nico- 

tinic 

acid 

mg. 

. 10-5-13-8 

13 0-18 *4 

13 0-14 -7 

3-4 

0-09-0-15 

0 06 

3 

. 8*8-10-8 

16-1-28-8 

8-9-14-6 

1-.2 

0-17-0-18 

0-07 

3 

. 10-7-16 *7 

17-4-320 

3 0-21-4 

6-8 

0-17-0-36 

0-14-0-39 

3 


Calories. 


S47-S41 

24«-98) 


It will be seen from this table that the usual serving of beef or pork 
sausages {i.e. two sausages or about 150 g.) adds appreciably to one’s 
intake of first-class protein, calories, thiamine and nicotinic acid. Liver 
sausage in addition is good for vitamin A. 

Preserved Meat. As was said earlier in this book, one of the pro- 
blems presented to man by Nature is to make food keep from a time 
of glut to a time of scarcity. The industrialization of large numbers of 
the human race has made that problem still more urgent, and methods 
have been sought to presence food produced in plenty in agricultural 
areas till it reaches man in the town. Particularly is this true of meat, 
which ver^' rapidly becomes unfit for consumption when exposed to 
bacterial and other infection. Consequently many different methods 
have been evolved for making meat keep. Of these the important are 
salting or pickling, wth or without smoking, canning, drying and 
dehydration. 

Pickling, ' rhis has been practised for many hundreds of years, and 
is applied chiefly to products of the pig. The flesh and blood of animals 
is practically sterile and an animal can be eviscerated without the 
flesh becoming contaminated. TIic sources of infection are the knife 
with which the pig is stuck, and with the ox, the hide. Consequently 
the knife must be sterile and the skin or hide cleansed before 
slaughter or sterilized (as in the case of the pig) after killing. The muscle 
itself luis such a hydrogen ion concentration (^H=5-5) that putrefying 
organisms cannot grow. So if the exterior can be salted to prevent 
growth of bacteria, the whole can remain sterile for long periods of 
time. 

Salt, mixed with potassium or sodium nitrite, is rubbed into the 
exterior surfaces of the jointed carcase, and penetrating to some 
distance renders the outsicle surfaces incapable of supporting bacterial 
life, though moulds do, with careless storage, manage to grow. In 
commerce, the salt mixture in solution is often pumped into the deeper 
strata. The nitrate, being reduced to nitrite, fixes the colour of the 
hamoglobin by converting the hrcmoglobin to nitrosohzemoglobin. 
.After pickling, the sides are wiped with sterile cloths, and then baled 
and .shipped immediately. Home curing proceeds by salting the joints — 
ham, gammon and sides — without pumping the pickling mixture into 
the deeper parts. 
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Subsequent smoking still further inhibits invasion by microbes and 
the development of rancidity. Pickled and smoked bacon and ham will 
keep under ordinary household conditions for at least a year. 

Apart from economic considerations — for the pig is a good converter 
of agricultural products into first-class protein and fat— there are 
dietetic reasons for encouraging the bacon industry. Ham and bacon 
are more digestible than pork, and retain, in their cured condition, most 
of the thiamine which is the hallmark of the flesh of the pig. Whereas 
ordinary meat contains only some 0-150 mg. of thiamine per 100 g. 

pork and cured pork may contain four to six times as much. 

Salting is applied to coarser joints of beef (brisket and silverside) 
but rather to render them more appetizing than to preserv'e them. 
The attempts to cure mutton by salting and smoking, practised in the 
early days of the war of 1939-45. proved a failure. 

Analyses per 100 g. of bacon and ham are here given. r 


Prolein. 


Fat. 


Carbo- 

hydrate. 


Cal- 
eiuTD. 


ln>Q. 


Calories Calories 
per loo g. per oa. 


Ilacon. law. Daoisli 

il’o 

S- 

37*4 

K- 

[) 

nif. 

13-6 

mg. 

1*3 

mg- 

406 

116 

"WilUbifc*' • 




Bacon. raw, English 

)9-5 

49*3 

63*4 

46*0 

49 0 

39 6 

0 

13*6 

0 9 

506 

144 

'•WiiUhirc'* 

0 

11*6 

2*6 

696 

169 

Bacon, back, fried . 

24 *0 

24 0 
ito 
16*3 

0 

53*3 

3*3 

636 

140 

sneaky 

Ham. raw • . , 

boiled (lean and lal) 

0 

0 

14*9 

12*7 

1-3 

3*6 

614 

433 

146 

133 


is a method of preserving meats from decomposition which 
l. as K-ac l^d enormous dimensions in this century. Not only does it 
make meat available long after the animals were slaughtered (up to 
TOO vears!) but it enables armies, polar expeditions and construction 
camps of all sorts to be fed with meat protein and fats, far from a base 
of supply of fresh moat, and preserves foodstuffs, used in the manu- 
facture of meat extracts, which would otherwise be wasted (corned 
beef ) There is a prejudice against canned meats due to conservatism 
and'Utronomy and there have been, in the past accidents of food 
noisonine traceable to careless processing, but with advance of tech- 
Liuc these have been largely obviated. There are to-day more cases 
of food poisoning from “fresh” meat than from canned meat. It should 
be emphasized that the canners have discovered by experience that 
nnne but the best quality meat, canned under conditions of great 
cleanliness, liave long "life” or marketable qualities. Processing consists 
in submitting meat enclosed in tinned and lacquered containers to a 
temperature of 125 " C. long enough for the heat to penetrate thoroughly 
to the centre of the container and sterilize any adventitious microbic 
life. Though such sterilization destroys the small amounts of thiamine 
1 McCance. K. a., and Widdowson. E. M. (1942). oP- 
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and ascorbic acid contained in the meat, the proteins and fats are but 
little affected except that they are cooked. Canned meats are then a 
good and convenient source of protein and energy as the analyses show. 
Drying has been used from time immemorial by North and South 


Cnrbo* Cal* j Calorics VitamiQ Tbia* Calonos 
Protein. Fat. hydrate, dum. per loog. A. mine, per or. 


Corned beef 

22*3 

15-0 

0 

. » *• 

25*0 

i6'0 

0 

.. pork 

20*0 

23*0 

0 

Luncheon 

meat 

15*0 

21*0 

0 

Pork sausage 

meat 

9*0 

43 -^ 

1*0 

TonyuG 

19*0 

20*0 

0 


mg. 

12-8 

mg. 

9*8 

232 

l.U. 

l.U. 

66 1 

lO-O 

11*0 

244 

0 

0 

692 

10*0 

2*0 

285 

0 

450 

81 2 

— 


250 

— 


71® 

_ 


431 


— 

121 - 

10*0 

3-0 

256 

0 

280 

73 “ 


American Indians for preserving meat {pemmican and charque) but 
it to-day finds little use, except in polar expeditions. If all the water is 
removed from lean beef the composition of the product would be about 

as follows: 


Protein . . . • 86’8 per cent. 

Extractives . • • 7'^ »« »• 

Mineral elements . . • 5'4 •« •• 


Heef powders made from dried meat form the basis of the diet of 
polar explorers. Its value is enhanced by the addition of 40 5° per 

cent, of fat— the amount varjdng with the inclinations of the head of 
the party— and when mixed with boiling water it forms the Hoosh 
familiar to readers of the accounts of exploration. Bulk for bulk dried 
powdered beef mixed with fat is about the most concentrated food 

known. , 

D ehydration . During the war of 1939-45 considerable advance has 

l)ec-n made in the dicing of meat which has been previously partly 

cooked and minced. The meat, with the cooking liquors distributed 

over it. is dried cither at bo^C. in air or at yo^’-So^C. under slight 

vacuum. The flavour and nutritive value, so far as protein and fat are 

concerned, arc fully prcser\’ed and the loss of thiamine is comparable 

with that of normal home-cooked meat. Meat so dried when packed in 

airtight containers with the air replaced by an inert gas can be expected 

to keep in good condition for years'.^ This method was used during the 

war to save transport, but what its commercial future will be in years 

to come is somewhat speculative. 

1 McCance and Widdowson. (1942). op. cit. 

2 Medical Research Council {1945)- 

a Rate-Smith. Sharp, and Cruickshank. (1944). 
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Soups, Beef Extracts, Beef Juices and Beef Tea. In previous editions 
of this book considerable space was devoted to these substances but 
it has been considered unnecessary to repeat what has been said in the 
past. There is but little to be added to or subtracted from the summary 
given in the 9th Edition: 


1. The extractives of meat arc incapable cither of building up tissues 
or of supplying the body with energy, and are therefore not foods, but 
they have a high potassium content and are useful after an operation. 

2. They do not act as cardiac stimulants. 

3 They may possibly help to remove fatigue, cither by acting on 
the nervous system or on the muscles directly, but this action cannot 

yet be regarded as proved. • . *• 

4 On the other hand, there is no doubt that they aid digestion 

powerfully by calling out a flow of gastric juice, whilst their pleasan 
flavour enables them to rouse the appetite. They are therefore useful 
additions to other foods, especially where the appeti e and digestion 
are feeble, and may also be taken with advantage at the beginning of 

a meal, as in the form of soups. 

< If taken in large amount tliey excite diarrhoea. 

5. Ordinary beef-extracts (e.g. Liebig’s) possess no properties other 
than those of the extractive of meat. The amount of protein which 

“’7 7r7p“arVdo"nt'suc7as Bovril and Oxo, to which meat powder has 
bZn added, may theoretically be regarded as foods, but contain far 
too little protein to admit of their ever being able to contribute apprecl- 

“'"7 BeeHukS'diffor from beef-extracts in containing the proteins of 
meat in a coagulable form. None of them, however, can be taken in 
sufliciently large quantity to supply much protein to the body. 

o Natural (home-made) raw-beef juice contains about 5 per cent, 
of coagulable protein, which is as much as many of the patent pre- 
parations. whilst its comparative poverty in extractives and salts 
enables it to be consumed in fairly large amounts. We consider that it 
should never be used because of the possibility of including parasites. 

' 10 Ordinary beef-tea, even when carefully prepared, does not 
contain more than 2 per cent, of nutritive matters. It may aid appetite 
and digestion, but is of very little value as a food. Its nutritive qiiahties 
however can be enhanced by adding to it the finely-powdered fibre of 
the meat ("whole beef-tea"). It is doubtful if the salts of beef-tea are 

of any real use. . , , ,i i- 

We add that the defence of the use of soups must be along the lines 

that they arc a pleasant opening to a large meal, especially in cold 

weather they are gastric secretogogues, they may contain tlie "extrinsic 
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factor" for hjematopoiesis, and form a good vehicle for vegetables, 
milk and cheese. Whatever gro\vth-promoting factor beef-tea contains 
is due to gelatin (q.v.).i The hold which these preparations have on the 
public is due to a cleverly conducted and intensive advertising cam- 
paign. 


Analysis of Soups per loo g.® 





Carbo- 

hydrate. 



Cal- 

Cal- 


Protein. 

Fat. 

Calcium. 

Iron. 

ories per 

IOO g. 

ories 
per oz. 


g- 

e- 

e- 

rog. 

mg. 



Bone and vegetable 





0-28 

63 

18 

broth, home-made 

• 3-7 

4*6 

i-i 

16-9 

Ditto, commercial 

• 4*4 

— 

0-3 

10-2 

0-28 

■— 


Hospital soups (mea 

n 



00 


35 

10 

of samples) 

. 2*0 

1-3 

4-3 

I *39 


Composition of Thick Soups (Konig) per ioo g. 


Pea soup 
Potato 


Nitrogenous 

Matter. 

Fat. 

Carbo- 

hydrate. 

Cellulose. 

• per 100 g. 

■ 3-38 

• 1-37 

0-93 

1*53 

5 60 
4-87 

070 53 

0-26 39 


Composition of Extracts of Meat per ioo g.® 




Meat 

Fibrin. 

Albumoscs 

and 

Peptones. 

Gelatin. 

Non- 

nitrogenous 

Material. 

Creatine 

and 

Creatinine. 

Mineral 

Elements. 

No. 

1 

I *3 

8- 

B- 

0-2 

g- 

trace 

g- 

8-5 

21 '0 

No. 


I -9 

I *0 

0-3 

> » 

8*1 

23-0 

No. 


nil 

0-7 

trace 

t » 

47 

20*0 

N... 

A 

» 1 

9 

09 

»• 


4-6 

207 

No. 

No, 

T 

5 

6 

5 - 3 

6 - 0 

0-4 

22 -4 

0-5 

0-5 

$ t 

>* 

5 -5 

6'i 

20*3 

i8*2 

No. 

7 

S-6 

13*3 

0-4 

100 

6*3 

28*5 

No. 

s 

0-6 

I 7'5 

87 

70 

1-4 



Since a level teaspoon holds about 3-5 ml. it can be seen how little 
nutriment is obtained in a cup of meat extract made as the manu- 
facturers direct. 

1 Chick. Hakriette. (1948). Lancet. 2, 69, obtained good 8 ^ 5 “* 
beef lea and white flour. The gelatin supplements the proteins of the Hour. 

2 McCance and Widdowson. op. cil. 

2 Cox. (193b). Chem. and Ind., 55, 69. 



SO'SIWO OW> 


BEEF-EXTRACTS 


375 


Percentage Composition of Commeuciai, Bekf Juices 


Non- Non- 

Coaeulable coagulable nitrogenous 
- • ------ Matcsial 


Protein. 

0-53 
5*28 
3-7t 


rtolciu. 
9*12 
10-17 
9-29 


8-3 

II *25 
33*38 
21 -O 

4*4«>-7*37 


4-25 

6-75 

59*5<> 


Extractives 
II -16 

i6-55 

8-10 

9*54 


13*44 
6 -o 

0-55 


Mineral 

Elements 

10-84 

8-85 

14-20 

7*51 

13*27 

6-5 

I -24 


Alcohol 


1 1 *35 


tt 


» * 


• • 


As meat is a good source of nicotinic acid and a moderate source of 

rib7fla“tne it is to be expected that meat extracts should contarn great 

amounts oi these vitamins. This is so Meat-extracts per roo conU m 

a 7 .s to 102-5 mg. nicotinic acid and 2-34 mB- ril.oflavmc. Doubtless 

tLv wiU be well advertised on that score. (They were and areO 

Ye^t extracts have for many years been used as substitutes for 
Yeast , I u, used for flavouring the canned 

stews put up by the canning firms. A good example of these is 

preparation known asA/arw/Vc.- 

CoMPosrrioN or Marmme 

. . 26-84 per cent. 

Water ■ • • o,.f,7 

Nitrogenous extractives . • 34^7 

Peptides and ammo acids . * '? 

Mineral matter - ■ ^ '^5 

c 1 resemble beef-extracts so closely in their general 

Such Prepar genuine mcat-extracts.a fhe 

chreTchcmical difference between beef-extract and an extract of 

tn consist in the presence of creatine and creatinine in the 
?o'’™ nd h r; absence in .he latter; yeast extract also contains 
mSiJely more of the base adenine.* Whether these slight chemical 
difference involve a different action in the body is still undetermined, 
bn here is no reason to believe that yeast-extract is m any way un- 
who le^me, although it may, perhaps, not Iiave quite the same 
Ttim^ting effect on gastric secretion that genuine meat-extracts have, 
!tTs a good source of tlie vitamin U complex and of the extrinsic 
factor necessary for ha-matopoiesis. 

1 Booth and Babton-Wright. (1944). 

ycast-extract from genuine meat-extract. 
«c.c pa"pc;L b> ?. S^xBL 4il-crics. . 7 . 5.0. 704 - 

♦ Gamcee. ( 1908 ). 449- 
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. Gelatin. The chemical basis of jellies is gelatin. Gelatin is derived 
from collagen, which is the chief constituent of connective tissues, and 
is converted into gelatin by boiling. Most forms of connective tissue can 
be made to yield gelatin by suitable treatment. Glue is a crude form of 
the substance obtained from hide-clippings, and ordinary commercial 
gelatin is simply a purified form derived from the same source. The 
connective tissues of young animals are especially rich in gelatin- 
yielding material. Veal, for example, contains 4 to 5 per cent, of con- 
nective tissue, and is therefore a favourite basis for the making of 
strong soups. Calves’ feet (free from bone) >neld 25 per cent, of gelatin 
on boiling and 11*3 per cent, of fat, and have long been known as 
abundant yielders of a pure jelly. The purest form of all, however, is 
isinglass, a substance obtained from the swim-bladder of fish, especially 
of the sturgeon. Chemically it is less rich than ordinary gelatin, as is 
shown by the following comparative analyses: 


Water 

Gelatin 

Fat 

Carbohydrate 

Ash 


Ordinan.' Gelatin. Isinglass. 
. 13*6 19*0 

84-2 77-4 

0*1 I '6 

. 2‘I 2*0 


The chief physical peculiarity of gelatin is its capability of dissolving 
in boiling water, and setting into a jelly on cooling. It is remarkable 
how weak a solution is capable of doing this. Even when as little as 
T j)er cent, is present the solution sets. The ordinary strength of which 
jellies arc made is i oz. of gelatin to the pint, which is equivalent to a 
5 per cent, sohition, and from this one can realize how little gelatin 
there really is in ordinary jellies. Hutchison found that 6 oz. (a large 
helping) of ordinary calf's-foot jelly contains i§ oz. of solid matter, of 
which less than ^ oz. is gelatin, the remainder being chiefly sugar. 

The digestion of gelatin in vitro or tn vivo is a very easy process; 
indeed, in this respect it is hardly surpassed by any other food. Gelatin 
has the advantage of fixing a good deal of acid in the process of diges- 
tion, and is thus of service in cases of hypersecretion of acid in the 
stomach. It seems also to belong to the "peptogogic” substances — i.e. 
those bodies which favour an abundant flow of gastric juice. 

Nutritive Value of Gelatin. Highly purified gelatin is devoid of 
cystine and tiy’ptophane, and nearly devoid of phenylalamine and 
tyrosine and has little methionine. It is therefore incapable by itself 
of building human tissue.* Rut it contains arginine and lysine which 
arc amino acids of importance. Therefore mixed with other protein, 
e.g. even the jiroteins of bread, it is very valuable. None the less, it 

* Sec MuRi-iN. (1907), .-hiifr. Jotirv. of Physiol., 19, 285: Robison, (i 923 )> 
lHochem. Journ., i6, iii. 
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must be remembered that not more than about i oz. of gelatin can be 
conveniently taken in the day — the amount in i pint of jelly. One can 
realize from this that the usefulness of gelatin in dietetics is of limited 
range. As a pleasant addition to the diet of convalescence, however, 
jellies are of service, but their nutritive value depends mainly on the 
sugar which they contain. Their value in acid dyspepsia had already 

been mentioned. i • i • 

The cost of gelatin depends entirely on the source from which it is 

derived, and for ordinary purposes commercial gelatin is the most 
economical. It has been calculated that it costs sixteen times as much 
to prepare jelly from calves' feet as to use commercial gelatin for the 
purpose (Thudichum). Isinglass is also a costly source. The same is 
true of soups, for it is cheaper to add 7 or 10 g. (i to ^ oz.) of gelatin to 
ordinary stock if a strong soup is wanted than to get the gelatin from 
boiling veal. Bones are a cheap source of it only in so far as they cannot 
be used for any other purpose. The composition of bones is as follows: 


Water . . • • 

Gelatin-producing material 

Fat . . • • 

Mineral elements 


5 to 50 per cent 
15 to 50 ,, 
i to 20 ,, 

20 to 70 .. 


When boiled in the usual way they yield from li to 7 per cent, of their 
weight mainly as fat. When broken up and treated in a pressure 
cooker’ the yield is much greater. None the less it is cheaper to use 
commercial gelatin than to buy bones specially to produce it. McCance 
Sheldon and Widdowson* make a point of the worthlessness of bone 
and vegetable broth for the purpose for which the bones are included, 
rftrfupply calcium for growing children. Whereas commercial broth 
supplies 10 mg. calcium per 100 g. and laboratory rnade broth 16 9 mg., 
cow's milk supplies 119, and their protein is mainly gelatin against 

the first-class protein of cow's milk. 1 1 ■ a 

Gelatin is a cheap addition to poor diets in so far as it be obtained 

from many materials which would othei^ise be 

iellies must be regarded as dear foods, for a half pint of the ca f 

foot jcUy" of the shops yields at most 120 Calones and no first-class 

building material at all. 

1 MtCANCB. SHELDON, and WIDDOWSON. (i934). 'irch. Dis. Childh., 9. 251 . 
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FOODS TAKEN FOR MINERAL ELEMENTS AND 
FOR VITAMINS A AND C (ASCORBIC ACID) 

In this chapter it is proposed to deal with fruit and fruit products, 
leafy and other vegetables and fruits used as vegetables. With the 
usual carelessness of popular dietetics the custom is to lump fniits and 
vegetables together as the main source of “minerals" and vitamins. It 
is necessary thus early to protest against this and say that calcium and 
phosphorus are far better obtained from cheese, fish and milk than 
from fruits and vegetables, iron from eggs and liver, while butter, eggs, 
fat, liver and milk contain much vitamin A, and liver is valuable for 
ascorbic acid. We have already called attention to these points and 
noted that potatoes, dealt with under energy foods, are still, un- 
fortunately, the main source of ascorbic acid in the British diet, for so 
many people refuse to eat cabbage. The contribution of vitamins of the 
B class which fruit and vegetables make to the diet is distinctly small. 
They make but little addition to our sources of energy' and protein^ 
but arc often extraordinarily useful for vitamin A and ascorbic acid. 
diu‘\' are therefore grouped together in this chapter. Fruits often are, 
but by no means always, a good source of vitamin C, and yellow fruits 
of \ ilaniiu A as well; green leaf}' vegetables produce vitamin A and 
ascorbic acid and yellow vegetables vitamin A. The green vegetables, 
with the exception of the spinach family, have a useful amount of 
available iron and sonic of the cabbage family make a small contribu- 
tion to our intake of calcium. 


Fruits 

'idle fruit is not of direct benefit to the plant. It is intended as a bait 
to attract animals, and so insure the liberation or transportation of the 
seed. Hence a'sthetic qualities predominate in fruit rather than the 
strictlv’ nutritive, and we eat them more for the sake of their sweetness 
and flavour than for the actual nourishment which they ;ffford. 

1 The- proteins of leafy vefietables arc first-class proteins, but there is so htUe 
obtainable from a consumable amount. Methods of concentration of this 
art* still in their infancy and may be neglected. Slade, Branscombe, and 

(19.15). Chem. ami Imi,. 117; Lcco and Weller. ( 1944 )* Biochem. Joum^ 
40S. ha\e found methionintL tyrosine and tr>'ptophanc well represented m 
grass and lucerne proteins. 
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he general composition of fresh fruit is approximately: 


Water 

Protein 

Fat . 

Carbohydrates 

Cellulose 

Mineral elements 


Composition of Fresh Fruit 

85 to go per cent 
0-5 


0-5 

5J to loj 

0-5 


I • 


« t 


p t 


The composition of individual members of the group is shown in 
the table on page 381. It will be observed that the only nutritiv’c 
constituents of any importance in fruit are the carbohydrates. These 
consist almost entirely of sugars, only ver}^ few ripe fruits containing 
any starch. The chief sugars arc fructose and glucose and in most fruits 
these are present in nearly equal proportions. Apples and pears, how- 
ever, contain much more fructose than glucose, w’hilst in some stone 
fruits, on the other hand, glucose predominates. A few fruits (e.g. 
cherries, grapes and figs) contain no sucrose, whilst in a few others 
such as apricots and peaches, it makes up the greater part of the total 

sugar present. _ , 11 

The remainder of the carbohydrates is made up of non-mctabolizable 

substances such as cellulose, hemicellulose. pectin, etc. In the course 
of ripening, some of them arc converted into the corresponding sugar— 
pentose, the nutritive value of which must be regarded as very doubt- 
ful » When subjected to boiling, the gums of many fruits yield a jelly, 
the production of which is familiar in the process of making preserves. 

The amount of cellulose varies greatly in different fruits. It is always 
lessened by the process of cultivation-witness the difference between 
a crab apple and a Newton pippin— and it diminishes also, by a sort 

of natural digestion, during the ripening of the fruit. 

The mineral constituents of fruits arc of little importance. I hey 
j^onsist mainly of potassium united with various vegetable acids, such 
as tartaric, citric, and malic. These have an agreeable acid flavour and 
reaction, but when burnt by the body are converted into the corres- 
ponding carbonate, and so render the blood more alkaline and the urine 
less acid. A grapefruit weighing J lb. contains about 20 g. of sugar and 
from 0-I3-0-4 g. of acid citratc-s.* The ability of the human body to 
oxidize citric acid is so great that at least 48 g- can be dealt with in a 
day Hence the drinking of quantities of orange-juice tends to make the 
urine alkaline.3 As the fruit ripens, these vegetable acids dimmish, 
and it is to this fact, coupled with an increase in the amount of sugar 

1 See McCance, K. A. (i939). Council lifp. ii5. 2 . 

2 /.rt l>rts%e Midicale. ( 192 O), 3». 

3 Bf.ATHERWicK and Long. (193*). Journ. Biol. Chem.. 53, 103 
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present and a decrease of solubility of tannic acid, that the sweetness 
of ripe as compared with unripe fruit is due. 

Fresh fruits, with the exception of cherries, grapes, plums and some 
apples, are also important vehicles of ascorbic acid. (See pp. 148 and 
381.) 

The odour and flavour pfjruits are due to the presence of very small 
quantities of ethereal bodies which sometimes elude chemical investi- 
gation. In many cases, however, we have been able to obtain (from 
coal-tar, too, of all sources) artificial products which have to the 
uncritical palate the same flavour as many fruits. These products, 
alas, form the basis of the different fruit flavourings and essences sold 
in the shops. Although of no nutritive value, the flavouring substances 
contained in fruits are by no means to be despised as stimulants to the 
appetite and aids to digestion. 

Cooking renders most fruits more digestible by softening their 
cellulose, and it also, as we have seen, converts the gums into a gelatin- 
ous form. But these changes are not brought about without a good 
deal of loss. The loss affects all the ingredients of the fruit. The follow- 
ing instances show figures for the carbohydrates;* 

Apples, raw . . 11*7 per cent. Peaches, raw . 9-5 per cent, 

once boiled 7*3 ,, „ once boiled i*8 „ 

twice . 6-1 Pears, once boiled . 6-6 

Pears, raw , io*i ,, „ t^vicc ,, . 5‘9 »» 

Where, as is usually the case, the fruit is cooked by stewing and the 
juice eaten along with it, this effect of cooking is of no moment. 

The digestibility of fruit in the stomach and intestine is dependent 
largely on the nature of the fruit and its degree of ripeness. Five and 
a third ounces of raw ripe apple (one large or two small apples) require 
about 3 hours and 10 minutes to pass through the stomach. On the 
other hand, if the fruit is unripe and the amount of cellulose conse- 
quently greater, digestion may be much more prolonged. The excess 0 
acids present in unripe fruit causes it to be irritating to the intestine, 
and a frequent originator of diarrhcea and colic. If, however, the 
cellulose and acids are contained in more moderate quantity, as in npc 
fruit, the gentle stimulation which they exert on the intestinal wall may 
be very useful. Hence it is that stewed fruit is so serviceable an addition 
to the diet for the atonic colon. 

There have been few experiments made to test the degree to whic 
fruit is absorbed by the human intestine, but one may expect that at 
least 95 per cent, of the available carbohydrate, if not more, wil e 
absorbed, and tliat is practically all that matters. 

1 Prom analyses by Kkaus. (1898). Zeii. /. Didt. und Physik. Therap., i, 69. 
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From a nutritive point of view fruits may be artificially divided into 
the two groups of flavour-fruits and food-fruits. In the first group are 
included all fruits which contain less than 20 per cent, of solid material; 
in the second, all fruits or fruit preparations which have more than 
20 per cent. 

The only claim of the members of the first group to be regarded as 
foods is that they contain a small amount of sugar in a pleasant but 
rather bulky form, and some of them contain ascorbic acid. A rough 
generalization is that citrus and summer fruits only, with the exception 
of cherries, are significant sources of ascorbic acid, whereas the autumn 
fruits, are often almost devoid of it. They are chiefly eaten for the sake 
of their agreeable flavour. Their richness in water makes them more 
adapted to the requirements of the inhabitants of warm countries 
than for use in northerly latitudes, and it is found if they are freely 
represented in the diet less water need be consumed. Hips and ha\vs 
are the only autumn fruits with much ascorbic acid. 

Grapes stand intermediate between the two groups, for their juice 
contains an amount of sugar which varies from 10 per cent, in the 
poorer up to 30 per cent, in the richer varieties. In the so-called grape- 
cure, from I to 8 lb. of grapes are taken daily in divided quantities, 
and between meals. If the rest of the diet is sufficient, the patient may 
gain weight on this regimen, while the grape-juice, owing mmnly to the 
organic acids which it contains, acts as a mild laxative and diuretic, and 
at the same time diminishes slightly the acidity of the urine. The 
vitamin value of grapes is very low except for the hypothetical 

vitamin P. 

Tliere are many unfermented grape-juices presei^'ed by pasteuriza- 
tion on the market. They contain about 25 per cent, of grape-sugar, 
and are a useful food-beverage, especially in fevers. To-day, in tius 
country, there is an “orange cure,’’ which consists of combining rp 
or graduated exercise, fasting from all foods except orange juice, with 
some psychotherapeutic treatment. Some of the successes claimed for 
this treatment, we suspect, are due to making good a deficiency 0 
'Ascorl^ic cicid 

The food fruits, on the other hand, arc by no means to be despised 
as a source of calories. Of this group the banana is a good example. 1 
is the fruit of a tropical plant {Musa sapienium) which for some reason 
or other has forgotten to make seeds but continues to make the pulp 
in which they should be embedded. Bananas are largely grown for 
export to this country in the West Indies, the mainland of Centra 
.America, the Canary Islands, and the Cameroons. 

A large banana weighs on the average 143 g. or 5 oz., and its pu p 
90 g. or 3^ oz, Fhe relation of the edible portion to the fruit as pur- 
chased is 62-5 per cent. Small fruits may weigh as little as 2 oz., their 
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pulp not much over i oz.. and the percentage of edible material is 58-5 
per cent. The size depends on the position the fruit holds in the bunch 
and on the time at which it is cut. Fruit on the American market, 
because of its proximity to the West Indies, is cut later than the fruit 
destined for the English market. It has therefore time to grow larger. 

As will be seen from the tables, the chief value of this fruit in dietetics 
is its high content of carbohydrate and its moderate amount of ascorbic 
acid. Figures for the ascorbic acid of bananas as sold in England are as 
high as 15 mg. ascorbic acid per 100 g.^ Their contents of tlnannne. and 
of vitamin A (250-340 I.U.) are not negligible. Weight for ^yelght. the 
banana gives at least as many Calories as potatoes, but whereas the 
carbohydrate of potato is starch that of the fully ripe bananas is 
sucrose and invert sugars. When the banana is green its car o ra cs 
are mainly starch and if eaten green it should be cooked. As the friu 
ripens and starch is converted to sucrose, fructose, and ghicos.-^, am 
when fully ripe, i.e. when the yellow skin is covered with brou n Ikcks 
there is jLost no starch present. This is the condition in which the 

connoiseur eats the banana. . n,.. fmif 

Apart from its convenience and cheapness winch ‘ . 

of choice for the packet Innch, the mc.a •'> K^l^tr cs 

etc., the banana has achieved a considerable 

and medical dietetics. Enter, >rising American and P "7 

dans give it as the first solid food a baby gets and as e.ii y .as 3 montlis 

It must DC very iii , r- j the importation of amounts of 

1939-45 the Ministry T It is also 

dried bananas to be used in treating inianis wi 

an excellent food in the diet for sprue and for .1 spastic 

J the banana is the cheapness witli which it can be 

An advantage of j ,,3 cuhivation will yield a larger 

produced. A g‘v^» t^,oes. The bread-fruit, the sugar 

^e Ind rhe‘rs;nilfa'::lid, holever, to exceed the banana in their 

surpassing even the banana in ^tritive value am 

1 ChapfeLl'S figures arc ‘ * * 9 - 

Harris's lor ripe Jamaica bananas, il 9-1$ 2. ana 

communications). ✓-••// 

7riS?ranL7”dL7:suU,rbut;ric'aifd irthe colon, which is toxic lot laiCh.t 
coli conttfiunis. 
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the dried fruits, e.g. the currant, date, fig, raisin and sultana. The 
dale is as much a staple article of diet to the Arab as rice is to the 
Hindu, but the carbohydrate of the date is almost solely sugar whereas 
that of rice is starch. Dried fruits have received much advertisement in 
the United States for their content of iron, though the tables hardly 
bear this out, but we call attention to the large amounts of calcium 
and iron in dried figs though they may be rendered unavailable by tlie 
phytates. Dried fruits, unhke fresh fruits, have a high Calorie value 
ranging from 50 per oz. or 176 per 100 g. (dried apricots) to 68 and 239 
respectively (dates). Advantage of this is taken by school caterers, rock 
climbers and "hikers.” They must not be relied upon for ascorbic acid 
and so cannot take the place of fresh fruits in the dietary. 

Canned fruits, once considered useful only for sugar and flavour, 
have been shown by a long series of experiments in this country by 
OUiver* to retain much of tlicir original ascorbic acid. In fact they may 
contain more than fruit bouglit on the open market and stewed in the 
home. Such fniits as black currants, when canned, supply as much as 
90 mg. of ascorbic acid per 100 g. (3! oz.) and fonn a very valuable 
source of that vitamin when, because of the season or the difficulty 
of importation, citrus fniits are unavailable. During the war of I939~ 
45 the Ministry of Food used the black currant pur^e (first manu- 
factured on the initiative of Olliver) to provide infants and invalids with 
ascorbic acid. (Average content: 65 mg. per 100 g. or 18 per oz.). Ihe 
content may be even higher than this, for allowance is made for 
deterioration between the time of packing and the time of consumption. 
Canned gooseberries (18 mg. per 100 g.), loganberries {12), raspberries 
(12), and strawberries (25) are useful, though by no means as good as 
black currants, for ascorbic acid. 

Veget.-vbles 

Tliere is no logical classification of vegetables possible either from the 
botanical or the culinary' standpoint. Man has shown enormous'in- 
gemiity in seizing upon, and diverting to his own use, the leaves, shoots, 
seeds and storage parts of plants, and what are classed as vegetables 
in normal speech may be fruits or seeds, wth or without their pods, 
e.g. aubergines, cucumbers, marrows, tomatoes, French and runner 
beans and peas, and what is classed as a fruit, is really a stem, or 
rather a i)ctiole (e.g. rhubarb). The -following classification is offered, 
with apologies, for convenience merely. ' 

(Ireen and leafy vegetables: The cabbage family including broccoli, 
cauliflower, mustard and cress, seakale and watercress, and the spinach 
fainih’. 

1 Olliver, M (193^)* Chem. a}ui InJ., 55, 153; (1938)* Analyst, 63^ 2; (1943)* 
Clunt. and Ind., bz, 146. 
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Leguminous green vegetables. 

c , , . , , r Endive and lettuce (usually eaten green). 

a vege a chicory, dandelion (eaten blanched). 

Asparagus and globe artichokes. 

Bulbs, roots and tubers: Artichokes (Jerusalem), beetroot, carrots, 
onions, parsnips, potatoes and salsify. 

Seeds: cereals and pulses. 

Fruits: aubergines, cucumbers, marrows, pumpkins, squash and 
tomatoes. 

With the pulses and cereals we have dealt already, for their main 
function in diet is to provide Calories and protein. As a general dietetic 
rule pulses (and cereals) should not be used as a second vegetable, 
though dried peas and beans arc so used in this country, and "noodles" 
in Germany. 

Green and Leafy Vegetables. The Cabbage Family. This is an 
enormous tribe most of which — e.g. broccoli, sprouting broccoli, white 
and purple, brusscls sprouts, cabbage, calabrcse, cauliflower, kale of 
various types, kohl rabi and seakale, savoy, spring and winter cabbage, 
have been developed by gardeners, mainly Dutch, from the wild, and 
natural, brassica maritima. Mustard and radishes and watercress 
also belong to the same family, the cruciferas. The swede and the 
turnip also were developed from brassica maritima, but are dealt with 
later. 

The plant spreads its leaves out to absorb the energy from the sun’s 
rays by means of its chlorophyll, which is invariably accompanied by 
carotene, the precursor of vitamin A. Iron is always found in the 
neighbourhood of the chloroplasts which contain the chlorophyll. Also 
to catalyse the active chemical changes in the leaf, when it combines 
carbon dio.xide from the air with w'ater, aided by the energy absorbed 
from the sun’s rays, to form sugars and starches, it needs ascorbic acid 
among other catalysts. So we expect to find in green leaves, vitamin A, 
ascorbic acid and iron. The greener the leaf usually the more vitamin A 
and iron. The outer green leaves of cabbage have more vitamin A, iron 
and, incidentally, calcium, than the pale inner ones, but these are by 
no means devoid of ascorbic acid. In fact where a vegetable is the nature 
of a growing shoot (sprouts, sprouting broccoli, and calabrcse) ascorbic 
acid may be expected in large amounts. 

Of course, like other vegetables, the cabbage tribe have large amounts 
of potassium and magnesium which are, however, usually found in 
any diet in excess of man’s needs. 

The analyses on page 387 are taken from the Medical Research 
Council’s tables: The Nutritive Values of War-time Foods. 

It will be seen at once how negligible these vegetables are for Calories, 
but what a useful source for vitamin A and ascorbic acid, how they 
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contain significant amounts of iron, and. in the case of kale and water- 
cress. of calcium. Little of the vitamin A, the iron or the calcium is lost 
in cookingi but there is a big diminution of ascorbic acid. Ollivers 



Food. 


Protein. 


Brussels 

sprouts 4 4 
Cabbage . 1-5 
Cauliflower 2 -4 
Kale . 3'y 

Turnip tops 2-5 
Watercress 2 •<» 


Carbo- 

hydrate. 

Cab 

ciuin. 

Iron. 

V'ilamin 
A as 

Carotene. 

Ascorbic 

Acid. 

e- 

mg. 

mg. 

l.U. 

ing. 

4 -o 

27 

I -2 

400 

100 

50 

<>5 

I -0 

000 

70 

30 

2^3 

0-9 

0 

70 

45 

200 

2-5 

4.000 


3-5 

[98] 

[3 -^1 

10,000 

100 

0*6 

222 

1 -6 

5000 

60 


24 

17 

14 

-'4 

17 

10 
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considers that 100 g. cooked cabbage contain but 16 mg. \itamm C 

whereas when raw. the figure was 70. Sprouts show a 

mg. (raw) to 30 mg. cooked, and these are probably optnnal figures. 

tL Spinach Family. These (summer spinach, winter spinach, 
scakale b^et) are like the cabbage tribe m being sources of vitamin A 
and ascorbic acid, but are probably useless for calcium and iron because 
of the oxalates they contain. Again there is loss of ascorbic acid on 
cooking (65 mg. falls to 25 per 100 g.), but probably none of vitamin A 
precursors. As with the cabbages their Calorie \alue is negligible (4 

Green Vef^etables. These are broad. Ercnch and runner 
bea^s and green peas. Sometimes these arc eaten pods and all (brench 
W runner beans, sugar peas and young broad beans), and sometimes 
the seeds are shelled and eaten alone (flageolets, peas). Not V ^ 
such vegetables quite useful for vitamin A and ascorbic acid, but tiny 
Afford more protein when eaten shelled than ordinary green vegetables. 
The following analyses illustrate these points. 
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Food. 


Beans, Broad 
FrciicJi 
,, Runner 
Peas, green 


7-2 
I I 
I I 

5-» 


Carbo 

UydraU. 

Cal* 

cJum. 

Iron* 

Vitamin 

A as 

Carotc&e. 

Ascorbic CaioHeJ 
Acid, per 100 g. 

Calorics 
per 0£. 

g. 

Okg. 

mg. 


mg. 



9 '5 

30 

I •! 


30 

95 

27 

2*6 

33 

0-7 

600 

10 

14 

4 

2-9 

33 

0*7 

600 

20 

18 

5 

9-5 

15 

1*9 

500 

30 

03 

18 


I McCance, Widdowson. and Siiackleton. (1936). Council Special 

Hep. 213. 

^Olliver. M. (* 943 )# Chem. and Ind., 62, 146. 
a Caulillower, boiled. (McCancb and Widdowson. op. cit.) 
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Leafy Salad Vegetables. Endive and lettuce are useful practically 
only for vitamin X; they contain disappointing amounts of ascorbic 
acid though, judging by American figures, there are varieties of lettuce 
with high ascorbic acid values. 


xoo g. contain 


Food. 

Protein, 

Carbo- 

hydrate. 

Fe. 

Vitamin 

A as 

Carotene. 

Ascorbic 

Acid. 

Calories Calorics 
per 200 g. per oz. 

Endive 

Lettuce 

. 1-8 

. 1 •! 

mg. 

0-9 44 

I -6 26 

mg. 

2-8 

07 

4000 

mg. 

20 

15' 

1 2 

11 3 


Celcr>^ chicory, and dandelion, though green leafy vegetables, are 
eaten blanched. They are probably useless for vitamin A, and the 
ascorbic acid of celery is low (5 mg. per 100 g.), and their value is 
mainly gastronomic. 

Asparagus and Globe Artichokes. These luxury articles are not of 
much importance in dietetics, except that asparagus contains much 
ascorbic acid, 60 mg. per 100 g. (cooked 30 mg.). They both are vehicles 
for melted butter. 


100 g. contain 


rood. 

t 

Protein. 

Carbo 

hydrate. 

Ca. 

Fc. 

Vitaokin 

A os 

Carotene. 

Ascorbic 

Acid. 

Calorics 
per 100 g 

Calones 
per oz. 

Artichokes 

(Jerusalem) 

. I -6 

g. 

3.-2 

tug. 

30 

mg. 

0-4 

l.U. 

7 

nig. 

> 

♦ 

17 

5 

Asparagus 

. 2*0 

2-4 

28 

0*9 

700 

60 

17 

5 

Beetroot . 

. 1-8 

8-1 

32 

0*9 

0 

10 

24 

r 

,, cooked 

. 1-8 

9 *9 

30 

07 

0 

5 

46 

13” 

Carrots 

. 07 

4-9 

48 

0-6 

4900 to 

10 

21 

6 

Leeks 

• 2-5 

3-9 

51 

1*3 

93,000 

700 

20 

14 

4 

it 

Onions 

. 0*9 

47 

31 

0-3 

0 

10 

21 

D 

8 

.. spring 

. 0*9 

77 

135 

6*2 

700 

20 

2b 

Parsnips 

. 1 7 

10*2 

55 

0-6 

200 

10 

32 

9 

Radishes . 

. I -o 

2-5 

44 

1-9 

0 

30 

7 

A 

Salsify (boiled) 

1-9 

2-8 

60 

1-23 

> 

7 

17 

5 

A 

Swede 

. 07 

2-4 

40 

0-3 

0 

20 

14 

4 

Turnip 

• 0-5 

1-8 

55 

0-3 

0 

15 

7 

2 


Bulbs, Roots and Tubers. Plants often store sugars and starches in 
roots and underground stems, though sometimes, as in the onion 
family, in swollen modified leaves. This gives them ^ early start in 
spring— e.g. the potato. Man naturally raids these stores. As the 

* Other values arc 16 (Ollivek. op. cil.) and 1-17 (Chappell, op. cit.). 

- Difference due to sampling. 
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storage organs are often underground, devoid of chlorophyll, and hav'C 
low metabolic rates, we expect but little ascorbic acid m them, though 
as a matter of fact, new potatoes, radishes, swedes and turnips are not 

to be despised for that vitamin 

Little comment is necessary on these tables except to 
to the spring onion and the leek as sources of ascorbic acid the 
carrot as a source of carotene. It must be «membered, ‘hat 

carotene is absorbed into the blood with and it is rcco 

mended that one third of the values given above be f ^ 
activity Eaten raw, the carrot probably would yield c\ on less sa> 
one siith of the figures.i Onions eaten in large quantities arc said 

''7ru"rlTrvlge<ables. These came from the claves solauacoie 

r “id t 

great dietetic value, though pleasant in cuisine. 





loo g* contaio 

A ■ 




Food. 

^ Carbo* 

Protein, hydrate. 

Ca. 

I-c. 

Vitamin 

A as 

Carotene. 

Ascorbic 

Acid. 

Calorit'j^ 
per 100 

Calories 
per oz. 

Cucumber 

Marrow 

Pumpkin 

Tomato 

g. c- 

0-6 1-6 

. 0-5 30 

. 0-6 3*4 

0-9 25 

mg. 

23 

[14] 

39 

13 

mg. 

0-3 

[ 0 - 2 ] 

0-4 

0-4 

I.U. 

0 

30 

> 

3000 

in^. 

10 

5 

> 

25 

9 

14 

J 7 

14 

2 - 5 

41 

4-7 

3 - 9 


and a large number of vitamin A contents of the vege- 

this tnakes to the calc ^^jer may have more 

tables IS slight. In tact, g knives and cooked m iron 

calcium, and \|i\uf ^h^ raw samples. The chief loss 

containers may la ,tly tij(r consumption of raw vcgebiblc 

IS in ascorbi • family and decorated with the highly 

salads, ma( e tomato has been advocated, with some 

coloured beet in canteens and institutions where the cooking 

rnT’strvtce methods' for vegetables unfortunately destroy much of the 

"""^wo Lb^sfances which may be of value in supplying mineral elements 
♦innf^d here They arc Irish or Carrageen moss and Iceland moss. 
S^er ^ a dried seL'ced sometimes used iu the sickroom. It has 

. Hypercaroten^mia. ca,,ily n.istakcn for jaunclice, sometimes rosnlls from 
eating large amounts ol carrots. Lancet. (1944). *. -l?”- 
a Food Man. (iQSO. 
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much calcium (0-845 per cent.), iron (88 mg. per 100 g.). manganese 
(7 mg. per 100 g.) and phosphorus (205 mg. per 100 g.). 

Iceland moss is a lichen and not a moss or a seaweed. Its nutritive 
value is probably nil, unless perhaps, it supplies some mineral elements. 

V ^o ^Canned Vegetables .^ There has been an enormous increase in 
the production and consumption of these commodities. Convenience 
in preparation and ease of transport mainly determine this. In the best 
restaurants, for example, canned green peas are usually served, even 
in the height of the season. It will be seen from the tables that there is 
no dietetic reason against their use. 


Analysis of Canned Vegetables 


Food. 




100 g. conUin 

a 



Calories 
per or- 

Prolcin- 

Cirbo* 

hydrate. 

Ca. 

Fc* 

Vitamin 

A as 

Carotene. 

Ascorbic 

Acid. 

Calories 
per 100 g. 


e- 

6- 


mg. 

I.U. 

mg. 



Asparagu.s 

1-5 

1*3 

28 

0-6 

700 

30 

II 

3 

Beans, broad 

5*2 

7-5 

40 

0-8 

420 

15 

55 

15 

,, runner . 

0-8 

1-8 

35 

0-5 

600 

5 

II 

3 

Beetroot 

1-4 

57 

35 

0-6 

0 

5 

28 

8' 

Brussels sprouts 

3-4 

1-3 

30 

07 

400 

35 

21 

6 

Carrot 

0-5 

I -6 

30 

0-2 

20,000 

5 

7 

2 

Color)' 

0-5 

0-6 

60 

0-3 

0 

2 

4 

I 

Parsnips 

0-0 

5-5 

70 

0-3 

200 

5 

28 

8 

Peas (fresh) 

4-6 

5 -S 

25 

I -0 

500 

15 

42 

12 

,, (processed) 

7-2 

l0-2 

45 

17 

170 

0 

92 

26 

Spinach 

2-1 

I 0 

0 

0 

7000 

25 

14 

4 

Swedes 

07 

2-4 

40 

0-3 

0 

20 

14 

4 

rurnips 

0-5 

I -8 

55 

0-3 

0 

15 

7 

> 


Vefictarianism. As we have now' considered the nature, composition 
and functions of the various foods in the normal diet, it would be W’ell 
to take up at this point the vexed problem of vegetarianism versus a 
mixed diet. There liavc been throughout the last hundred years 
flourishing societies of vegetarians in this countrj', western Europe 
and the United States. Almost undoubtedly their main motive pow’cr 
lias been a revulsion from the taking of animal life, w’ith which the 
average person must feel some sympathy, though schools of psycho- 
analysis may suspect repressed motives.^ Almost naturally this cult is 
found among the more “progressive” parts of our communities. 

riie normal vegetarian eats fruits, vegetables, cereal products, 
pulses, milk, cheese, butter and eggs, but eschews fish, meat, poultry 
and game. Some allow themselves to cat fish. 1 here are some w'ho cut 
out milk, cheese and eggs because of the necessary slaughter of bullocks 
' See Ollin er, t>/>. cit. 

• e repressed desire for cannibalism. (Personal communication to one of us 
by a i'reiulian psycho-analyst.) 
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and cockerels. These, according to Wokes, himself a vegetaria 
should be caUed vegans. They usually argue that man on such die 
is healthier than on a "camian" diet, forgetting that ^ 

history was for perhaps a million years a flesh eater, and 
Masai on the equator and the Eskimo in the Arctic circ c s 1 
entirely given to a flesh diet. And these surviving ^ 

thoroughly healthy and hardy. On the other 
men and women and pregnant lact-ovo-vcgotar.ans show no 
difference in health, physique, blood pressure, ha;matol g> . » 

albumin and globulins from meat eaters.' The vegans may dev | 
anamia and spinal trouble after years of this diet 

To us the problem must be wholly dietetic, and we s™ up the 
advantages Ld disadvantages of a consistent vegetarian diet, .. 

“is are weak in protein; and those which ™.dam it in masmiid.le 

amounts have only second-class proteins. They have usualh ^cr^ 

fat and calcium and are devoid of is low and 

N^^arthe ^ ^getarian foods with inuch protein (and Cass), 
and fat. i 1 ihpv must be for human consumption, arc 

j: t;;.”," ;::s- - -T‘r.vr,n;-“ i— 



are often useful composed solely of the above is likely to 

It will be seen that a P . i ' f extensive use of 

be weak in protein deficit' in fat. i he great 

olives, peanuts and other n t these lacun.e, arc its bulk a.ul the 

objections to such ^ f in the alimentary tract. If the bulk 

low ‘tmtage of cellulose scanty, digestion and absorption 

IS small and the pcrccniag ^ absorption 

lood^ that, whereas only some 

Of some bread, macaroni, polished rice, meat and eggs 

4-4J per cent. , hsorption the waste with black bread, cabbage. 

escaped digestion higher (ii to 20 per cent.). Bulkiness 

potatoes and ‘"""P . ^ ycgeUble foods, except bread and nuts. 
!,V“TsTue ft t o 1 water they contain. Most vegetables 

t n 80-00 per cent, of water, many of them more water than milk. 
tZ most dilute of animal foods. Even pulses when cooked contain 70 

. HMunNc. M, G.. ami Sta».. F. J. CW-i). /■ r/n,- .Vff/., 2. 7.^ 

2 VOIT. (1889), /• Diolog.. 25. 232. 
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per cent, of water, or as much as the leanest of raw meat.' The only 
way to keep the bulk of a vegetarian diet low is to make extensive use 
of bread, biscuits and nuts. (Porridge has 89 per cent, of water.) Even 
then, a vegetable diet has a much larger volume than a purely animal 
or a mixed diet. According to Voit [op. cit.), a purely vegetable diet 
has three times the bulk of an animal one. 

The bulkiness of vegetable food interferes with its digestion in two 
ways. First it is difficult for the digestive juices to penetrate such a 
mass and convert it into absorbable constituents; secondly, the bulk 
stimulates the walls of the alimentary tract to peristalsis, the food 
materials are hurried along and there is less time allowed for absorption. 

Further, the great obstacle to complete digestion and abso rption 
of vegetable foods is the presence ot cellulose which is very im perfectly 
attacked^by the digestive apparatus ofman and carniv orous animals. 
Herbivdfo~us~ amm als have special portions of their alimentary tracts 
developed folical with cellulose — the rumen in animals which chew the 
cud and the enormous caecum in the horse and rabbit. Part of this 
cellulose is converted by the action of bacteria in the large intestine into 
hydrogen, fonnic, acetic, propionic, but>Tic acids* and marsh gas. Where- 
fore a vegetarian diet is avery “windy” diet. The faeces on such a diet are 
three times the bulk of those on a mixed diet.^ One further objection to a 
higlily vegetarian diet is that the production of urine is much increased, 
so that its consumer may be forced to get up at night to pass water.® 

The result of such a diet is distension of the gut by bulk and gp, 
frequency of defaecation and micturition and low absorption of protein, 
fats and carbohydrates. 

Much of this may be avoided by the addition of eggs, milk and 
cheese to the diet. In fact there is no objection to be found in lact- 
ovo-vegetarianism, the vegetarianism practised b}' most vegetarians. 
Such a diet, indeed, seems advantageous to the gouty person who 
docs better on it than on one into which meat enters to any large 
extent. The objections, clinical and othenvise, to a meat diet for the 
normal person are largel}' imaginar>'. We may add that a person 
embarking on a lact-ovo-vcgetarian diet needs a good knowledge of 
modern dietetics to keep his diet “balanced,” and should not be one 
too prone to flatulence. Vegetarianism, though often wrong-headed, 
dogmatic and unscientific, has been of great ser\ace in emphasizing the 
imj^ortance of fruits and vegetables in the diet. 

1 Cooked lean meat contains much less ivatcr. 

3 Marston. H. K. {194S), Bioch., fourn., 42, 564. 

3 Private communication by McCance and Wiodouson concerning experi- 
ments made in 1939-40, published .\pril 1946, Med. Res. Council Special Re^r , 
.Series 254, on diets containinK lartjc amounts of wholemeal bread and vegetables. 
See also diet of the Channel Islands during the German oecupation. Lancet. (1945)- 

2. 509 



CHAPTER XVI 

FOODS TAKEN MAINLY FOR FLAVOUR. 

CONDIMENTS 

A discussion on flavour is, unfortunately ‘"“"t'“'^‘V''F„r’’flwour 
the nature of foods, though we know so little about it. For fcvoiu 

determines appetite and good digestion waits upon appetite, ^ 
shown in an earUer chapter. Much, if not all, o our . ^ 
depend upon conditioned reflexes-the F skimo, 
son, has no appetite for salt with meat-hut the dietitian 
to train his victims to new conditioned reflexes and has to 
their ambit. Flavour then becomes of great . . . . 

True taste arises from stimulation of the en , stimulation 

by sapid substances whereas true Flavours then are 

of the olfactory epithelium high in the nasal y , , ^ ^ jg 

reaUy odours. Ve^^ naturaUy tastes and 

difiicult to appreciate the fact that a viand rolled on the tongiw ^ re^ 
being smelt, that volatile substances cscap ^ 

Xt "Sur" An\:Z^bc“ indistinguishable from au 

» -..-irl c'llt and bitter. The front of 
There are but four ^ people who suck sweets 

the tongue appreciates ^w^ct a Lemonade and wines are sipped, 

keep them in the front of the m • reaction to bitter tastes, 

ITie back of the tongue is sensations arise from stimulus 

wherefore beer is drunk, not 5ipp_ .-tastes" fruity, spicy, flowery, 

of aU parts of the ^ongno. moiUr t^t 

or the reverse, though true 

U.e outs. " 

flavours of foo.ds and esse j ^ j „ork in extraordinarily 
which produ.. flavours . ^a' 

smaJl “"““"‘^j^Wof pears and bLxaldahyde of almonds, and arc 
uL"d m ^L“se foods in sweets and mar.ipan to the degradation 

» See Wayoood. (1943). Chem. and Ind., 62, 59 - 
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of the palate of the public. The flavour of the pineapple is more than 
ethyl butyrate. The idea that the flavour of fruits and other foods can 
be matched absolutely synthetically is a dream of the organic chemists, 
and a bad dream at that. The importance of flavours in foodstuffs is 
receiving recognition among manufacturers of foods, and it is the 
custom, e.g. in the manufacture of dried eggs, to submit this product to 
a panel of tasters. Wine, tea and coffee tasters have been a common- 
]4ace in those trades for years. The sphere of the professional taster 
must be expanded as our food passes more and more through the hands 
of the manufacturers. 

The characteristic flavour of olive oil depends on saturated and 
unsaturated hydrocarbons. They occur in amounts of about 70 parts 
per million. Arachis oil, which may oust olive oil as a salad dressing, 
lias similar substances but only in the amount of i *8 parts per million. 
Butter, in part, owes its flavour to diacetyl and acetyl methyl carbinol, 
developed by the microbes responsible for the aroma of butter. One 
part in forty million of diacctyl can be detected, but while a mixture 
of the two substances can give a buttery flavour to foods, it is lacking 
in the true flavour. Cheese, as stated in the section on that food, owes its 
characteristic flavour to a great number of different aliphatic acids 
among other things. 

Apple oils contain acetaldehyde, amyl formate, acetate, caproatc 
with a trace of geraiiiol, but a synthetic apple ‘'oil” is not at all a 
satisfactory substitute for the real flavour. Similarly esters have been 
e.xtractcd from jicachcs, but proved highly unstable in the presence of 
iiir. The characteristic flavours of frmts such as raspberries, black 
currants and strawberries remain chemical mysteries. 

The bouquet of wines and spirits is another mystery. There are 
various esters of aliphatic and aromatic acids and their alcohols are 
also both aliphatic and aromatic; moreover there are diacetyl, acetyl- 
methyl and phenylmethyl carbinols present, but none of the compounds, 
nor a mixture of them, resembles to any degree the characteristic 
l>ouquet. With tea and coffee the problem is still more complicated. 
Fifteen odorous constituents have been isolated from black tea. and 
over twenty from coffee. It is interesting that mercaptans are important 
ingredients in coffee aroma. 

Enough has been said to show that it is extremely unlikely that 
flavours can be synthesized in the chemical laboratory which 
approach closely the flavour of fresh foods. Further, as many of the 
odorous substances in foods are chemically unstable, it is obvious that 
cooking, processing, long contact with air, moisture, etc., are going to 
influence flavours, often for the worse. A corollary is that it is a^ost 
impossible to free a substance from objectionable flavour once it has 
developed it. 
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It has been suggested that the passionate interest shown from the 
Middle Ages to the seventeenth or eighteenth century m spices and 
other condiments was largely due to the desire to mask tlie flavour ot 
tainted meat.^ To-day condiments are used to enhance or make attrac- 
tive the flavours of food. , 

Allspice, or pimento, is the fniit of a West Indian and Central 

American evergreen myrtle which contains 4-7 .3 5 

per cent. volatUe oil. Pimento oil should contain considerable <iuantities 

(65-QO per cent.) of eugenol to which it owes its flavour. 

Caraway. This is the seed of an umbelliferous plant, native m parts 
of Europe and Western Asia and cultivated in Holland Russia and 
Scandinavia. It can be grown in Great Britain but is usually imported 
from India. It is used as a flavouring to cakes and its volatile 
characteristic flavouring material in Kummcl. I he chief o<lorous 
, substance is carvone, a liquid ketone derived from hmonene. 
(^Cassia is the bark of an Oriental member of the Lauraceic. emm - 
momufh Cassia, and contains i -5 to 4-3 P‘T volatile oil t -- 

chief constituent of which is cinnamaldchyde. 1 he chief sources of 
supply are Ceylon and China. *i.,. 

Cayenne popper is the grou,>d fruit of 
nightshade, potato and tomato family, and p.ipn . t,„, 

aL.um. The former comes from East and West c.i am J.M-.in 
while paprika is mainly of Hungarian cultivalion. ‘ "'‘‘y , ^ 

much Ls 12 per cent, fixed and i per cent, volatile 1 P xrs 

own their violent action to capsaicin (o -22 per cent, o ft lie 1^^ ' 

^^nan,on is the hark^ 

?^^‘^[^l‘^=le” ci^ridehyde ^d mo. migcnol. It imparts 

,^/orcf alllTdricd 

r clu:^ 

It-diertlMhe tiiittt elgeii^l '(cp. MEpice or pimento,, which is 

the main flavouring agent , ^ „(.ediiig moisture and a 

ufSVhml\V grown in India, Siam and China and also in East 
tropical c imat g rhizome is preserved in syrup 

r crndiVd ind Exported pits of the world. It is also dried, 

bleached and exported as root ginger. It contains about 4 per cent 
fixed ou and 2 per cent, volatile oil. The fixed oils contain pungent 
principles, mainly zingerone, to which ginger owes its sharp taste. The 

I Ukummonu and W’jlukaham. (1939). lifigHihvians l-ooit. 3^, 35 
■ii WiKTON and WlNTOK. (1939). Structure and Composition o/ hoods. 4. 171 . 
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volatile oils to which ginger owes its fragrance are mainly terpenes. 
^ - Mustard is a flour made from the seeds of black mustard {Brassica 
nigra) mixed with that from white mustard {Brassica alba). Each of 
the flours contains a glucoside — sinigrin in black mustard, sinalbin in 
white. Moistening either produces a hydrolysis by a ferment m3T0sin. 

'G- Sinigrin gives rise to the volatile oil of mustard, allyl isothiocyanate; 
of sinalbin to a non volatile pungent substance ^-phenylisothiocyanate. 
The pungency of table mustard is a sum of the pungencies of both. 
English black mustard has i *4 to 1 *6 per cent, of the allyl compound 
and white mustard 3*2 per cent, of this principle.' 

V' Nutmeg is the kernel of the small pear-like fruit of Myristicafragrans 
from the East Indies (Penang. Singapore, etc.) but it is also cultivated 
in the West Indies. It has about 25 per cent, of fixed oils and 2 ’5 to 
5 per cent, of volatile oils. These latter contain mainly terpenes (pinene 
and camphene) and are the main odorous substances. 

Pepper is the berry of a woody vine growing wild on the Malabar 
coast in India. It is also cultivated in Java, Sumatra, the Philippines 
and the West Indies. The chief centre of export is Penang. Black pepper 
is the berry picked before ripening and dried in the sun or over fires. 
White pepper is the fruit picked ripe from which the outer coat has been 
rubbed off. Black pepper is more pungent than white, and where^ 
white is the more popular in Europe, black is the pepper of choice in 
North America. The connoisseur prefers freshly ground black peppw 
to commercial preparations. Pepper owes its pungency to an alkaloid 
piperine, which, oddly enough when pure, is at first tasteless. Only on 
reaction with colloid substances on the tongue or elsewhere does it 

dcN’clop its characteristic pungency. 

Saffron is the dried stigma of a crocus {Crocus sativus) from the 
Middle East. As a spice or a colouring matter it is little used in this 
country except in Cornwall. It probably owes what flavour it has to a 
terpenc and a tertiary alcohol. 

Salt and sugar have already been considered in other places. Both 
arc very important condiments in common use, in fact the most 
imiiortant condiments. It is almost accidental that they have important 
functions in metabolism. The condiment value of sugar is demonstrated 
by the way in which diabetics, as well as the general populace during 
tlic war of 1939-45. had recourse to saccharin (benzoic sulphamide) 
and dulcin (para-ethoxyphenylurea). These are non-metabolizable 

substances very much sweeter than sugar. 

Vinegar is, or should be. the result of the oxidizing action of a group 
of microlJes — Acetohacter aceti, A. PasteHrianum, A. Kutzingianum 
and others* — on wine or malt liquor. On the Continent wines arc used 

1 Terry, K. C.. ami Corkan, J, \V. (1939). Analyst, 64, 164. 

2 cJalloway and Burgess. (1941), Applied Mycology and Bacteriology. 
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lor the manufacture of vinegar but in this country malt Iniuor is usuall\' 
the source. Sometimes the vinegar is distilled and the distillate contains 
acetic acid mainly along with traces of alcohols and esters, his \ incgar 

is practically colourless. j i if 

/The substance which gives vinegar its “bite” is acetie acid wlule ,t 

is the substances present in the alcoholic liquor which gives it its aroma. 

In addition to these “natural” vinegars, there are on the market 

"artificial” and "spirit” vinegars. The former is made by diluting acr tie 

acid obtained from the destructive distillation of wood or otherwise, 

and 'adding colouring matter to match the colour of brewed vineg. . 

Soirit vineeari is made from cane molasses which is diluted and 

mented Tfm resulting alcohol is distilled off, 

Vinegar and water and a '•bacterial nutriment and 

ficrs." Here a secondary fermentation takes ‘ ^ ^ 

comes from the acetificrs it contains t As it contains 

acetic acid It is sold under the name of spirit cimgar. As 

t"an twle as much acetic acid as ^■inegar it is more pungent and 

pleasing to the debauched palate. It is said to 

■Winegar is a condiment h^ h c'ln 'i^ive htUe use in 

soften the fibres of hard meat an .....n amounts it cannot be 

diet other than stimulating 

considered harmful to the normal . 'oUrulcer ' 

in the hyP-hIo.^l.ydric and . m ^ ,, 

Thera marjoram, mint, parsley and thyme 

considered here-bas hay 1 ■ excepting mint, 

-but they „,i„t and parsley might with advantage 

Clrea^y expended because of their eonfeut of ascorbic acid and 

mineral elements^ ^ i receives atten- 

During wars the value except as condiments, 

tion but they ha^ve PJ‘J j i^y.^ay in dietetics should read the 

Anyone who wishes King Penguin book.^ Practically 

charmingly Konerally in the British Isles is the mushroom, 

the only fungus the blcwit as^well. It is a matter of common know- 

fedgrthat mushrioms are not easily digesled and as a result of balanced 
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experiments that they are not well absorbed — in fact they have little 
but an exquisite flavour to recommend them. The same may be said 
of truffles. 

Analyses of raw and fried mushrooms show that they are of negligible 
food value, but sen'e as a vehicle for fat (see table page 397).^ 


> McCaxce, R. and Widdowsos, E. M. (1942). op. cit. 


CHAPTER X\n 
BEVERAGES 




Water 

About two-thirds of the total weight of the body is made up of 
water. The importance of watdr as a tissue-builder and its right to 
rank as a true “food” are at once apparent from this statement. 

The water in the body is “free,” i.e. it is not cliemically or physically 
so closely associated with the tissues that it cannot be removed by 
ultra-filtration. Ordinary solutes dissolve freely in it. The fluid in the 
intercellular spaces of the tissues, the body cavities, the lymph, and 
blood vessels contains predominantly sodium compounds. That within 
the tissues contains predominantly potassium. Tlicre can be free 
interchange of water between the tissues and the fluids whicli bathe tlie 
tissueshi.e. tis sue fluid, lymph , and blooA but not normalh’ of sotlium 
and potassiHltl.'* Aflytriing which promotes free “circulation” of water 
from blood to tissue fluid and thence to the cells of tissues and out again 
is probably advantageous to cell metabolism, hence the value of 
drinking plentifully of water, of exercise, of perspiration, of massage 
and, perhaps, ot Turkish baths. 

The body is continually striking a balance between water intake and 
production in metabolism and water loss. Water is gained by the bod\- 
(i) by drinking, (ii) by eating moist foods, and (iii) by metabolizing 
proteins, fats, and carbohydrates. A mixed diet may contain per «lay 
as much as looo ml. of moisture; 400 ml. may be produced by o.\idi/ing 
proteins, fats, and carbohydrates. The average loss to the bod\' is 
about 450 ml. through the skin, 300 ml. in the expired air, 1500 ml. 
in the urine, and 150 ml. in the fjcces, or a total of 2400 ml. 1 Ins leax’es 
1000 ml, as a minimum which must be made up by drinking. 

All these figures arc, of course, averages only, depending upon the 
temperature of the surroundings, the amount of exercise taken and 
the nature of the diet. If external temperature is high or exercise is 
great, much more water is excreted via the skin and the lungs, and if 
the water drunk is not increased, either the volume excreted in the 
urine will be decreased or the tissues dehydrated, or both. The import- 
ance of increasing fluid intake in such circumstances is obvious ami 
fortunately it is usually automatically regulated by thirst. The loss in 
the faeces depends on the nature of the diet. If vegetarian, much more 
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is lost by that path than if the diet is predominantly animal in origin. 

Dehydration of the body occurs if not enough water is drunk, if 
there is persistent vomiting or diarrhcea or if there is a loss of electrolytes 
from the body as in vomiting due to pyloric stenosis (loss of chlorides) 
or as in Addison's disease (loss of sodium ions). The effects of dehydra- 
tion are as follows: (i) tliirst, (ii) loss of weight, (iii) disturbance of the 
acid-base equilibrium, (iv) rise in the non-protein nitrogen of the blood, 
(v) wrinkling of the skin, recession of the eyebp.U, etc., and (vi) rise of 
temperature. 

On the other hand, excess of water in the tissues will produce a fall 
of temperature, vomiting, convulsions, coma, and death. This state of 
water intoxication is not likely to be seen in man, except possibly in 
the treatment of diabetes insipidus wth pituitrin, when water con- 
sumption has not been decreased and with tap water enemata. 

The above facts have been cited to show that, while there is a distinct 
danger in drinking too httle water, there is little or none in drinking 
much. We have stated above that the minimum daily intake with a 
normal diet, temperature surroundings, and a sedentary existence is 
looo ml. or ij pints. Much more can be taken without the slightest 
danger. So exact is the regulatory mechanism of the bod)', that two or 
three litres of water, taken on an empty stomach, will be excreted by 
the kidneys in the course of the next two or three hours without thie 
concentration of the blood being significantly altered. The kidneys in 
such a case excrete practically distilled water. 

Such water must pass from the bloodstream into the tissues to be 
stored there till excretion takes place. It is interesting to note that, 
according to Adolph, water taken on an empty stomach and passing as 
it does to the tis.sues, provokes a diuresis of greater volume than the 
fluid drunk, this may explain the observation, made by people taking 
strenuous exercise, that drinking water on an empty stomach leads to 
still greater thirst. W ater taken with a meal is by no means rapidly 
excreted, a fact which should bo utilized by cyclists, hikers, and 
enuretics. Diuretic drinks such as tea, coffee, alcohol, and to a less 
extent cocoa, may also increase tfiirst instead of assuaging it, if taken 
on an empty stomach. 

We may sum up the jiractical results of the above considerations as 
follows : 

(i) Jhe minimum intake of water should be about pints per 

day. 

(ii) This can be exceeded with advantage in evoking interchange 

between intracellular and extracellular fluid, without 
danger either to the normal person or the sick. 

(iii) Water taken on an empty stomach may even increase thirst. 



INFLUENCE OF WATER ON DIGESTION 401 

(iv) Except when taken in these circumstances, water is naturally 
the best thirst quencher, but if the stomach is empty milk 
is certainly better. 

As we have indicated earlier, excessive perspiration in hot sur- 
roundings, or as the result of exercise, may deplete the body of sodium 
and then the fluid taken to replace tlie water lost should contain salt. 

Influence of Water on Digestion. The first point which it is neces- 
sary to emphasize in this connection is that uaier is not absorbed by 
the mucous membrane of the stomach. This is certainly a surprising 
fact, but it has been incontestably established both by physiological 
experiment and by observations on patients suffering from obstruction 
at the outlet of the stomach. 

When water enters the stomach, it begins to flow out into the 
intestine almost at once. Roughly speaking, one may assume that a 
pint of water will have entirely passed from the stomach in riio >pace 
of about three-quarters of an hour. The precise rate of leaving, how- 
ever. is very markedly influenced by temperature. Ht)t water escapes 
from the stomach much more rapidly than cold. Ihe heat increase^ 
powerfully the movements of the stomach walls, and at the same time 
seems to cause the pylorus to open, so favouring the escape of tin' 
contents. The stimulating effects which hot water e.xerts on gastric 
peristalsis render it a powerful aid to sluggish digestion, while the 
“unlocking” of the pylorus w'hich it brings about is probabh’ the 
explanation of the almost instantaneous relief which it affords in man\ 
cases of stomach pain. 

The fact that water is absorbed only in the intestine has important 
bearing on the treatment of patients suffering from dilated stomach. 
In the extreme form of that disease, when the stomach contents are 
quite unable to escape through the pylorus, the entrance of water into 
the blood is arrested, and the patient is the victim of a “tissue thirst, 
to which much of the emaciation and discomfort from which he suffers 
must be attributed. Not only is this so. The deficiency in the svipply of 
water to the blood may go so far that the proper excretion of waste 
products is interfered with, and toxic symptoms, such iis coma or 
convulsions, may then supervene. In such cases there is an imperious 
necessity for getting water into the blood per rectum or intravenously. 

The rapidity with which water passes througli the stomach cause.s 
it to be a very dangerous vehicle of infection, for the hydrocldoric acid 
of the gastric juice has no time to act upon any germs which it may 
contain. For this reason cont.iminatcd water is a more obnoxious 
carrier of disease than impure milk. 

It is commonly said that the free consumption of water at meals is 
^pt to delay digestion by diluting the gastric juice. This statement is 
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not well grounded. Water is itself a slight, though unimportant 
excitant of gastric secretion, and experiment has shown^ that even in 
quantities of i litre {about a pint) it does not in any way affect the 
rapidity of digestion. Even i litre produces only slight slowing, while 
it requires li litres (about 3 pints) to produce any marked affect. 

On the other hand, it must be remembered that water may actually 
hasten the digestion of some foods by softening them and favouring 
their reduction to a state of pulp, while hot water is, as we have seen, 
a powerful stimulant of the stomach movements. 

While foods may readily enter the blood when taken without water, 
none the less drinking at meals facilitates the process of absorption. 
(Adolph.) 

Influence of Water on Metabolism. The influence of water on 
the chemical processes of the body would seem to be very slight. It was 
formerly l^clievcd that an increased consumption of water was accom- 
panied by an increased waste of the nitrogenous tissues. This is now 
regarded as an error. Any increased excretion of nitrogen which a free 
consumption of water entails is ascribed, not to an increased breaking- 
doum of the body substance, but to a washing-out of the tissues and the 
elimination of waste matters loitering in them. 2 This eliminative func- 
tion of water is one of the first importance. It indicates the necessity 
for a free supply of that fluid in such diseases as gout and fevers, and 
in iliabetcs when the blood sugar is high. 

Varieties of Water. A good drinking water should have little or 
lut colour, no odour, a pleasant, fresh taste, and should contain only 
.i inoilerate amount of solid matter, 122 mg. per litre being a good 
a\ iTago. A tumblerful of ordinary London water contains onlj' about 
t ’5 ^'f solids. .\ wii.^Iesome water should contain very little organic 

matter, and that sliould be of vegetable origin, and if it has anything 
like a large proportion of clilorides it should" be viewed with suspicion. 

Tiic amount of calcium salts which drinking water contains is a 
matter of some importance, and the relative merits of hard and soft 
water for drinking purposes have been much discussed. It has been 
maintained on the one hand that hard waters are apt to be productive, 
in those who habitually consume them, of such diseases as goitre and 
.‘>tonp, while on the other liand it has been said that soft waters may 
fa\ our the development of rickets. Neither of these contentions is very 
well founded, but it may be granted that it is well that the water one 
drinks should not contain more than 224 mg. of calcium salts in ever>’ 
litre, and that the sulpliate of calcium is more likcl}' to be harmful 


^ .inti Hawk. (1020), Amer. Jour». of Physiol.. 

Neumann. (i8yo). 3O, >48; Bekc.heim ami Hawk. 

{1931), Phystohgteal Chemtsiiv, fun 
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than the carbonate, for in some susceptible persons its presence may 
excite dyspepsia and diarrhcea.^ 

The fear that the use of soft water may lead to the development 
of rickets is quite groundless. When one remembers that even a hard 
water only contains about 0*002 g. of calcium in every 100 ml. and that 
an infant requires about 0*32 g. daily, it will be evident that, as a 
source of calcium for the bones, water may be practically disregarded. 
On the other hand, there is no doubt that soft waters arc more liable 
to become contaminated with lead than those which are richer in lime 
salts, and in that respect a± least soft water may be a source of danger 
to health. 


Mineral Waters 


From time immemorial the sight of water gushing from the rock has 

appeared miraculous and numinous® and should the water be hot. as 

at Bath, impregnated with carbon dioxide as at Matlock, or have a 

strong odour or taste, as at Bath and Tunbridge Wells, medicinal 

powers are attributed to them. At one time and another it has been, 

and possibly again will be, fashionable to “drink the waters” at various 

spas, up and down the country. There was once one in Bermondsey, 

London, S.E., and at Sadlers Wells, W.C.i. For those who could not go 

^ drink the waters” they have been bottled and distributed through 

Europe,^ and thus has grown up a considerable trade in “mineral 

waters. To-day, though we may discount their health-giving powers, 

they are a useful mild stimulant to the flow of gastric juice or may be 

u^d to neutralize “acidity.” or as a substitute for local drinking water 

which may be under suspicion or unpleasant to drink because too hiehh- 
chlorinated. ' 


Natural Mineral Waters. 
Britain: 


The following are obtainable in Great 


Natural Mineral Waters 

Apollinaris. An alkaline, highly aerated and slightly chlorinated water, 
containing sodium chloride and carbonates of sodium, calcium aiul 

^ spring in the valley of the Alir (Rhenish Prus>ia). 
rexeville. A slightly gaseous water containing 2*3 g. of earthv car- 
, bonates per litre. fc> J b 

^’°" 8 aseous. slightly mineralized. Diuretic, 
rncr. A mildly alkaline, well-aerated natural water containing bicarbon 
Tj mainly from Lcs Bouillens, Vergize, in France. 

^n. A mildly alkaline, wclbaerated water containing bicarbonates 
calcium and sodium and a small amount of sodium chloride from 
a spring near Homburg, 

ua confirmed by the experience of three members of the family of one of 

of *939-45» ill a part of Leicestershire where the content 

j sulphate in the water is the highest we have met. 

The Roman name for Bath was Aqua? SuUs. 
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Vichy. A water of high alkalinity with 8 g. solid matter per litre, includ- 
ing 5 g. bicarbonate. 

Vittel. Slightly mineralized with la.\ative and diuretic effect. 

The acid neutralizing power of one litre of three of these waters 
expressed as decinormd sodium hydroxide is as follows: ApoUinaris 
367-2 ml.; Perrier, 6o-o ml.; 117-2 ml.; Vichy, 558 ml. 

The dietetic advantages of the use of natural mineral waters may 
be presumed to be as follows. They have a pleasant, sharp taste due to 
the carbon dioxide with which they are impregnated, and there is 
evidence that that gas stimulates an early and abundant flow of gastric 
juice. ^ It also is said to stimulate gastric movement, while the bubbhng 
of the gas through the stomach contents facilitates their disintegration. 
On the other hand, when the stomach is dilated, when there is a 
tendency to flatulence or when the heart is functioning abnormally, 
they should be avoided. 

The slight alkahnity of some of them renders them useful additions 
to the more acid wines, and also in cases of hyperchlorhydia. 

Unfortunately it cannot always be claimed for the mineral waters 
that they are always sterile, though their makers are extremely careful 
in preparing them, treating the bottles into which they are put with 
greater antiseptic care than is necessary, say, for beer. Generally speak- 
ing recognized brands may be trusted to contain no pathogenic 
organisms. 

Artificial Mineral Waters. The method of impregnating ordinary 
water with carbon-dio.xide was discovered by Priestly in the latter 
half of the eighteenth century. Mineral waters can be made by charging 
water with the gas, which to-day is an article of commerce, either 
liquid or solid, under high pressure. Ordinary bottles of aerated water 
contain 3 or 4 volumes of gas to one of water; syphons contain more. 
\\ hen the pressure is released the carbon dioxide comes out of solution, 
but not all at once. In doing so it withdraws heat from the water, so 
that aerated waters are always cooler to the tongue than ordinary water 
kept under the same conditions. 

Ihe varieties of artificial aerated waters which call for mention are 
as follows: 

1. Ordinary Hater impregnated with Carbonic Acid Gas. The best 
makers obtain the water from springs or artesian wells, so that it is 
of great purity. Ordinary w ater so impregnated is often, but erroneously, 
described as soda-water.” As soda is sometimes entirely absent, it is 
better to describe it simply as “aerated water." 

2. Aerated Distilled Hater. In this case the w'ater is distilled prior 
to being charged witli gas. It is therefore entirely free from mineral 
matter and from all impurities. .An example of such water is “Salutaris". 

1 Penzoldi. Dent. Arch./. Klin. Med.. 73, 200. 
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3. Water to which Various Chemical Salts have been added, eg.: 

Soda water, containing 0*2— 0*3 g. of sodium bicarbonate to the bottle. 

Medicinal soda water, containing i g. of sodium bicarlx>nate ditto. 

Potash water, containing i g. of potassium bicarbonate ditto. 

Magnesia water, containing o-8 g. of magnesium carlx>nate ditto. 

Carrara water, containing 0-3 g. of calcium carbonate ditto. 

Lithia water, containing o-2-o*3 g. of lithium carbonate ditto. 

4. Imitations of Various Natural Mineral Waters. One of the best 
examplesof these is seltzer-water, which is intended to be a substitute for 
the natural water obtained from the Selters spring. Its ingredients are 
common salt, sodium bicarbonate, magnesium carbonate, and hydro- 
chloric acid. By the interaction of these constituents an aerated water 
is produced which “gives a good imitation of the peculiar mellowness 
of genuine seltzer." An analysis of Schweppe’s seltzer shows it to con- 
tain i*6 g. of inorganic salts per imperial pint, or o-8 g. j^er bottle. 
A tumblerful (5 oz.) has an acid-neutralizing power equal to that of 
25 ml. of decinormal soda or 100 per litre. 

The question of natural versus artificial mineral waters must be 
decided entirely in favour of the former. For one thing, the natural 
waters do not contain any excess of gas, and a larger proportion of 
what they do contain is present in a combined form than is the case 
with the artificial waters. Hence their gas is given off more slowh’. 
and they remain longer brisk, and are less apt to lead to sudden 
distension of the stomach. The following experiment bears this out: 


Gas evolved 
Gas remaining 


Natur.1l 
Water. 
480 ml. 
1010 ml. 


Arlificia) 

Water. . 

7O0 ml. \ Pottk- opoiu d and t sposed lor 

723 ml. I half an hour. 


Total 


1490 m). 


ml. 


There is also reason to believe that the effects of the salts in natural 
mineral waters are such as cannot be obtained from any artificial 
imitation of them. Zwaardemaker attributes important physiological 
actions to the radioactive elements, and these are sometimes found in 
the natural waters. 

Soft Drinks. There is a large and popular group of beverages whicli 
includes lemonade, ginger-beer, et hoc genus omne. Mostly they consi^t 
of water sweetened with cane-sugar, rendered tart by the addition of 
acid, flavoured in any way desired and finally charged with carbon 
dioxide. They are sometimes synthetic, but the trend in the best firms 
is to use flavourings extracted from root ginger and fresh fruits and 
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a proportion of fruit juice in specific fruit drinks. We give a recipe for 
making the basis of one of the more aristocratic of these drinks. 

Ginger-ale 

Syrup (10 Ib. sugar to 100 oz. of water) . i gallon (4 *536 litres) 
Compound tincture of ginger (or tincture of 
capsicum, 1 oz.) . . 4 oz. (128 g.) 

Citric or tartaric acid . . . 4 oz. (128 g.) 

Colouring | oz. {14 g.) 

I to 1^ oz. of tliis mixture are added to a bottle which is then filled with 
water and aerated. 

Genuine fennented ginger-beer ("stone-ginger”) is a very different 
product. A wort made from water, sugar, bruised ginger, tartaric acid 
and oil of lemon is fermented by yeast, as in the case of beer. It often 
contains 2 per cent, of alcohol and sometimes more. 

Most of these drinks, sjmthetic or other\\ise, are probably harmless, 
e.xcept to the palate. The same observations as made above concerning 
mineral waters apply to them when treating dyspepsia and heart 
troubles. Moreover it must not be forgotten that they contain about 
30 g. sugar to the bottle, and this must be taken into reckoning \vith 
diabetics. 

✓ In the United States the production of fresh fruit 

juices luxs risen to enormous dimensions within the past decade. The 
juices are expressed from the fruits by special machinery adapted to 
each fmit, clarified or not according to whether the flavour is carried 
mainly in the pulp particles, bottled and pastetirized. This preserves 
the fruit flavour and a large proportion of the ascorbic acid in the 
original fruit, and, of course, the sugar. These juices are extremely 
pleasant to drink and have great value in the sick-room. Commercially 
they arc of value in making use of gluts of fruit and preserving the value 
of the fruit till another time. 

A small beginning! has been made in Britain in the supply of apple 
juice and blackcurrant synip, though the price of the apple juice is 
higher than that of the same quantity of bottled cider. From the 
dietitian s point of \’iew this is unfortunate. 

It will be seen from the table that fruit juices are quite useful for 
Calories and e.\cellent for vitamin C. Apple juice will, of course, have 
much less vitamin t . and its main use is that of giving pleasure, along 
with a small amount of Calories, though claims have been made that it is 
useful in treating intractable diarrlicca. Its sugar content {expressed as 
invert sugar) is I 3*0 per cent, and its acidity (expressed as malic acid) 
is 0-5 per cent. 

* None tlic lass 200 million ^.lallons wore absorbed in losr. Charley, V. L. S. 

(1052)- 
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100 ml. contain 


1 

Pro- 

tein. 

Fat. 

Carbo 

hyd- 

rate. 

Cal- 

cium. 

Iron. 

Vita- 
min C. 

Oil- 

ories 

ICO 

ml. 

Cal- 
orics 
per oz 

Apple juice 

g- 

trace 

g- 

0 

g- 

12*0 

mg. 

mg. 

mg. 

nil 

4: 

13 

Blackcurrant 

syrup 

Orange juice 

0 

0 

460 

20 

2 ’O 

.‘>5 

1O2 

52 

0 

0 

50-0 

— 


lOo 

17S 

.S 7 

Rose-hip 

syrup 

0-6 

0 

50-0 

— 

— 

150 

iSi 



Tea, Coffee, and Cocoa. In four widely separated ]xirts of the world 
man has discovered plants whose leaves or seeds, on extraction wUh 
water, yield stimulating drinks containing drugs of the incth\ ! purine 
group. These drinks are tea, coffee, cocoa, and mate. Except for the la>t 
mentioned, these drinks have attained a world-wide popularits . 


Tea‘ 

History. The earliest credible mention of tea was made in .t.n. 35 ^ 
and the first handbook on the subject in a.d. 7^®- both of course in 
Chinese. Tea was introduced into Europe by the Dutch East India 
Company in the year 1610. As its price was at first ten guineas a ]iouitd. 
it can be readily imagined that it grew but slowly in popularity, and 
even in 1660 we find Pepys writing in his Diary: "I sent for a cu]^ of 

^TinV., of which I had never drank before." 

Up to the year 1862 nearly all our tea was obtained from Chin.t. 
the imports from that country reaching their maximum in iS/C). Siiu e 
that time the consumption of China teas has rapidly declineil, their 
place being taken by Indian tea, and, since 1880, by teas grown in 
Ceylon. 

Mode of Manufacture. The tea plant grows wild in .Assam and 
attains a height of thirty feet, but it has been cultivati-d for centuries 
in China. The cultivated plant was called Thea sinensis by Linnaeus, 
who afterwards altered its name to camellia. Modern botanists, how- 
ever, refer to both the wild and the cultivated plant as Ihca sinensis 
and the camellia as Thea Japonica. 

The plant “flushes” or sends out young shoots throughout the year 
in South India, Ceylon, Java, and Sumatra, but in North India, ( hina, 
Japan, and Formosa the "flushes” occur roughly from spring to 

standard work on tea is All aloia Tea by \\'. H I'kcrs 1 lu- Ua and 
e^oBcc Trade Journal Co. (1935). 
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autumn only. A tropical climate is not essential for the cultivation of 
the tea plant.* 

The young shoot has two small leaves at its tip which contain least 
fibre and most juice and therefore produce the finest sort of tea, but 
coarser pluckings, including three or even four leaves, are not rare 
(see Fig. i6). The terms Flowery Orange Pekoe. Orange Pekoe, and 
Pekoe now refer to the various grades of siftings. Flowery Orange 
Pekoe has many tips in evidence; the next finest is Orange Pekoe and 
after that Pekoe. The terms Pekoe Souchong and Souchong are used 
for teas containing coarser leaves. 

The treatment of the leaves after they are picked varies according as 
black or green tea is to be produced. 

For the production of black tea, the leaves are "withered," then 
rolled till they become soft and "mashv” (the object of this being to 
break up the fibre and cells of the leaf, and liberate the juices and 
enzymes), and then allowed to oxidize. During the process of oxidation, 
some of the polyphenols in the leaves appears to be oxidized and con- 
\ erted into red. brown, and insoluble quinones.a while an essential oil 
seems to be produced, and a slight bitterness developed. After oxidation 
IS complete tbe leaves arc "fired" in a diying-machine. 

I nr the jiroduclion of green tea, the fre.sh leaves are withered in hot 
p.in>- at a lempciaturc of ifio' I*. (Chinese method), or steamed (Japan- 
ese method). This di‘stroys the oxidizing enzymes. Then they are rolled 
to break them up and liberate their juices; then "fired." Oolong teas 

arc partially- withered at ordinary temperatures before the enzymes 
are destroyed by heat. 

It will be observed that the chief difference between black and green 
tea IS that the oxidizing ferments are allowed to work in the former, and 
ICS rojet caih in the latter and one of the main results of oxidation 
i-s to oxidize some of the polyphenols, so that, as we shall shortly see. 
an in usion of greni tea contains more of them^ than an infusion of 


\^'e ha\-e seen that tlie .umlity of teas varies with the age of tlie leaf 
rom which they arc prepared, the younger leaves yielding the finest 
ca. ^ roni this cause of variation, teas show marked differences 
according to the country and district in which they are produced. 

7 C/i/«C5C teas have the most delicate flavour of any. but are rather 

ac 'ing in ^oi\ , tlu v are also devoid of any marked astringency, 
1 . 0 . they have less "tannin." 

Indian teas, and isperially those produced in Assam, have the 
greatest degree of body and astringency. This make 5 them powerful 

1 Daniel Hall. Our fhtHv Ihcjif. 

2 Roberts, R. .-\. H. /. Sci 3^ ,^3 

3 Tlicy arc usually rcferrol U. as -tanuin.- though they will not tan IcatluT. 
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teas, suited rather for blending with milder varieties than for drinkiiie 


alone. 

Ceylon teas have plenty of bodj', and a rich and peculiar fla\'onr, 
but have not so much strength or pungency as the Indian varieties. 
The best pluckings are made in Febniary, March. August, and 
September, 



According to the district in which they are produced, Cliiiu-se black 
teas may be divided into; 

1. Monings, from North China, with a small and delicate leaf and 
a peculiar malty flavour. They are called in the tratle Black le.if 

congous. 

2. Kaisows, from South China, the so-called red-leaf teas, because 
the original teas grown in this district had a reddish leaf. I hese ar<- the 
Red leaf congous of commerce. 

3- Oolongs, from Formosa and China, are semi-fermente<l leas, 
pungent and slightly bitter, yielding a pale infusion, and chielly used 
for purposes of blending. 

4* Scented Orange Pekoe and scented Caper come from the Canton 
district. They are scented by adding white jasmine, gardenia, and 
niagnolia flowers after the last firing and arc allowed to stay in contact 
with these flowers for 24 hours. They yield a pale, strong infusion with 
an aromatic flavour, for which reason they are used to give bouquet 
to blends. Caper is an unfermented tea, highly fired, and staiuling 
intermediate between the black and green varieties. 

Of Indian black teas, those from the Darjeeling district arc best. 
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being less rough and astringent than those from Assam, and well 
adapted for drinldng alone. The best pluckings are made in June and 
October. It should be remembered that most black teas in the market 
are really blends of Indian, Ceylon, and China in different proportions. 

Most green teas come from North China and Japan, the latter 
yielding the best. Very little is produced in India. 

Other countries producing teas are Indo*China, Burma, Siam, Java, 
Sumatra, and Kenya. The U.S.S.R. are developing the cultivation of 
tea in the Caucasus. 

In judging a tea, professional tea-tasters are guided by the nature of 
the liquor and the characters of the infused leaves or “out-turn. " 

The infusion should be of a reddish-golden colour, pungent in flavour, 
but not too bitter or astringent, and not “thin” or “hard.” 

The infused leaves should be of a bright coppery tint, and evenly 
e.xtracted, so that some do not look darker than others; they should 
he uniform in size, and after five minutes’ infusion should not be 
completely unrolled. There should not be too much stalk mixed with 
U)e leaves. 

/ Chemical Composition of Tea. The follo\ving analyses of teas 
are given by Ukers:‘ 


Composition of Tea 

Water 

Caffeine ...... 

Nitrogen 

Solul)lc' matter .... 
■'Tannin” . . . ’ . 

Mineral elements^ .... 


Per cent. 

5-00- 8-0 

2-50- 5*0 

475 - 5*5 
38 *00-45 -o 

7 •00-14*0 
5 - 00 - 5 75 I 


Of these ingredients, the most important are the alkaloid caffeine 
and tannin', fur these, along with a small proportion of volatile oil 
(i ]ier cent.), arc the ingredients to which the chief effects of tea on the 
body are due. The importance of the caffeine and tannin is so great 
that it may be well to bring forward some modern estimations of these 
ingredients in different teas which were made by Hosai. (Quoted by 
Ukers.) 


t Composition of Leaves of Tea Plant and Teas 


Crude Protein 
M Fibre 
Mineral matter 
Caffeine 
•■Tannin” 
Hot-water extract 
Ether extract 
Total Nitrogen 

1 Ukers. op. cii.. i, 51 1 


Dried Leaf. 

Green Tea. 

Black Tea. 

37-33 

37-43 

38*90 

10*44 

10*06 

10*07 

4-97 

4*92 

4-93 

3 30 

3-20 

3.30 

I 2 *yi 

10*64 

4*89 

50-97 

53-74 

47-23 

6*49 

5-52 

5'82 i 

5-97 

5-99 

6*22/ 

0<ljly enough, there is Ituorine among these. 
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COMPOSITION OF TEA 

Indian and Ceylon teas are richer in ail tlic chief ingredients (caffeine, 
“tannin,” and volatile oil) than China teas. Green tea is richer in 
“tannin” than black, but the amount of caffeine in the two is almost 
the same. A high-grade tea contains both more tannin and more 
caffeine than a low-grade tea. 

I The composition of the infusion is of much greater practical import- 
ance than that of the leaves from whicii it is made. 

If tea is infused for five minutes in the usual way. about 25 per 
of the weight of the leaf goes into solution. In making a large tcacupfu 
of tea (about 150 ml., or \ pint), 5 g. (about J. oz.) of dried leaf are 
usua^ employed, and a cupful of such tea contains in solution about 
I g. of solid matter. The bulk of this is made ui> of gummy matters, 
extractives, etc., but the most important ingredients are the caffeine, 
and “tannin. 7 

Of these two ingredients the caffeine comes out much more readi _\ 
than the “tannin,” and the result of this is that second cups made from 
a further extraction of the leaves, as is the usual practice, contain 
much less of the stimulant and more of the astringent than the first 
cup. An illustration of this is seen in the comparison of the effect o 
5 minutes' infusion compared with one hour’s boiling. 

5 mins. I liour s 
A Infusion. P><nling. 

7.3 12-4 

3-6 -r^ 

232 


“Tannin- 
Caffeine 
Soluble extract 


The practical inference is that, if we wish to avoid ha\ing much 
“tannin” in tea and yet a high proportion of caffeine, we should infuse 
it but for 5 or 6 minutes and then pour off the infusion into an<^the^ 
teapot. If less “tannin” is desired, 3 minutes’ infusion is better. 

Hutchison made a number of experiments with tlie view of d(‘ter- 
mining the amount of caffeine and tannic acid present in an orclinar\ 
teacupful of tea infused in the usual way. The results arc contained in 
the tables on p. 412. 

As a rule, one may say that a tcacupful of tea of ordinary stiength 
infused for five minutes contains about i gr. of caffeine, and from oiu 
and a half to three-times as much “tannin.” 

It may be well to give some practical rules for ilie proper method 
of making tea based on the facts as to its chemistry which we have jui>l 
been considering. This is all the more important as it is comparati\ el\ 
rare to get a really good cup of tea, in spite' of the popularity of the 
beverage. It must be admitted, too, that the fault lies oftenor with tlu 
method of infusion than with the quality of the original h-af employed. 

And. first, the tea should really be infused, i.e. boiling water should 
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Caffeine in Teas^ 

Caffeine in 


Tea. 

g- 



per 150 ml. 


Ceylon Pekoe 

. 0*0787 equals 

I *21 gr. 

Fine Darjeeling 

• 00751 

1-15 .. 

Common Congou 

• 0*0745 „ 

I ’14 M 

Moyune Gunpowder (green) 

• 0*0645 

0*99 

Imperial Gunpowder 

• 0*0590 

0*90 ,, 

Household blend 

. 0*0580 „ 

0*89 „ 

Young H5rson 

• 0*0547 .. 

0*84 

Fine Moning 

• 0*0510 

0*78 „ 

Fine Assam . 

• 0*0475 .. 

073 M 


Tannin in Teas 

Tannin as Gallo- 
Tea. tannic Acid per 

150 ml. of Infusion. 


Moyune Gunpowder 
Young Hyson 
Imperial Gunpowder 
Ordinary black blend 
Fine Darjeeling 
Good black blend . 
Ceylon Pekoe 
Lapsang Souchong . 
Fine Assam . 

Fine Moiling 


0*273 equals 

4*20 gr. 

0*242 

3-72 M 

0*227 

3*49 .. 

0-173 .. 

2*66 

0*168 „ 

2-58 .. 

o*i68 

2 -58 

0*142 

2*18 „ 

0*087 

1-33 .. 

0*080 

1-23 .. 

0-058 ,. 

0*89 ., 


be poured on the leaves and allowed to stand thus for five minutes. 
I he character of the water is of the first importance. The Chinese rule 
is Fake the water from a running stream; that from hill springs is 
liest, rir-cr water is tlic ncNt, and well water is the worst." The experi- 
ence of one of us is, tliat in this country’ rain water is the worst, soft 
moorland water tlie next worst, and water of the hardness of London 
water the best for tea making, though tea dealers do not necessarily 
agree, The water should have just come to the boil. "The fire must be 
lively and clear, but the water must not be boiled too hastily. At first 
it begins to sparkle like crabs’ eyes, then somewhat like fishes' eyes, 
and lastly it boils up like pearls innumerable, springing and waving 
about" is the quaint advice of the Cliinese. 

The quantity of leaf infused demands some attention. The domestic 
rule of "a teaspoonful for each person and one for the pot" is an 
uncertain one, for the weight of a spoonful of tea is a very variable 
quantity depending on tlie size of the leaves and the tightness with 
which they are rolled. 

1 Eight ^mmes of dry leaf were infused with 300 ml. boiling water for five 
minutes. The caffeine -vvas estimated hy Allen’s method, and the tannin estimated 
by iToctcr s moclincation of UJwcntliars process. 
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Tea-tasters use the weight of a new sixj)ence (43i gr. or 2 9 g.) to 
3| oz. of water, and this, which is a somewhat smaller proportion of 
tea than that given by the domestic rule, yields a more satisfactor>' 
though weaker infusion. It must be remembered, howe^•e^. that the 
popular taste is for a strong beverage with a good deal of "body.”! 

The use of a “cosy” during infusion does no harm, but as soon as 
the process is completed the liquor should be poured off into another 
hot teapot, which may then be kept covered if desired. 

The addition of milk or cream, though an outrage in the eyes of 
connoisseurs, is to be commended on hygienic grounds, for the protein 
of the milk, combining with the tannin, forms an insoluble compound. 

All second brews should be avoided, for a single infusion is sufficient 
to remove from the leaves all the useful constituents of the beverage. 


Coi-THE 

Ihe tercentenary of the introduction of coffee into England by l)a\ id 
Edwards was celebrated on March 25th, 1952, by the Lord 3ia\or of 
London’s unveiling a plaque in St. Michael's Alley. CornhiII.2 Cotfee 
as a beverage has never attained the popularity it enjoys on the 
Continent and in the U.S.A. It is very expensi\ e and, in Great Britain, 
we seldom make it correctly. 

(^Coffee is derived from the “Coffjea arabica,” originally produced, 
as the name implies(in Arabia, bbut now cultivated^ in many tropical 
countries. The plant produces three harvests annually, the fruit 
resembling a cherry, in which the “coffee-bean" corresponds to the 
stone. The bean consists of two halves jdaced face to face an<l enclo.^od 
a husk. Ihe pulp is softened by fermentation and rcmo\’cd, and the 
beans, still enclosed in their husk, are dried in the air. The husk is 
separated by rolling, and the beans are then separated from the delicate 
parchment-like skin which covers them, and assorted according to size 
I Varieties of bean are found on the market, the chief being as follows: 

1. Mocha. The genuine beans of this are derived from Arabia. tln‘ 
cst from the Beni-Mattar country. The beans are small, hard, round, 

and irregular in form and size, olive-green to pale yellow in colour. 
Ihe roast is poor and irregular. In the cup Mocha has a heav\- lioily 
and smooth and delicious flavour. (Ukers.) 

2. Mysore. A general name for Indian beans. The bean is small to 
arge, blue-green in colour. It yields a strong flavour and deep colour. 

j. economical preparation of good tea the thorough crushing of the leaf 

great importance, so that its ingredients may roailily be exlraclcd The 

powdered tea of Japan is ideal in this respect. 

Ukf-Hs. {1935). AU About Coffee. The Tea aii.l Collce trade 
journal Co., Oxford anticipated I^ndon by two years. 

coflec plants suffer from a fungus tliscasu, hviiiileia s .I'-t f.itns. 
e the wild plant in Ethiopia is free from it. b. A.O., 195.^. 
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3. Kenya. Beans small and roundish with blunt ends, and of a 
greenish colour. The liquor is “mild,'’ with full body, and of a flavour 
between that of Jlysore and Costa Rica. 

4. Costa Rica. A blue-greenish beny^ yielding a fine, mild-flavoured 
liquor, rich in body. 

5. Java. A very fine coffee, with blue to pale yellow beans, yielding 
a smooth, light-coloured liquid. 

6. Sumatra. The finest coffee the world produces. Large unifonn 
green beans. Smooth heavy body, almost syrupy. 

7. Brazil 60 to 70 per cent, of the world's coffees come from Bra2il, 
and 45 to 50 per cent, from the Sao Paulo district. Small bean resemb- 
ling Mocha. Smooth, acid, and pungent in the cup^ 

( In order to prepare the beverage, the berries must first be roasted. 
;The composition of raw and roasted coffee^is contrasted by Triggs, 
'quoted by Ukers. 


Composition of Coffee 

Mocha. 


s 

Caffeine 


Green. 

I ’3 

Roasted. 
1 -28 

Water e.xtract 

• 


3<’'-44 

Fat an<l oil 

% 

14-04 

14-18 

Protein 

• 

8-56 

9-57 

Crude I'ibrc 

♦ 

22-46 

15-41 

Mineral elcinfnt> 

♦ 

4-20 

4-43 

Moisture 


q-oO 

3 - 3 ^ ) 


The chief physical change which results from roasting is that the 
berries are iviulcred brittle and can now be ground. Chemically, one 
finds lliai (hey lose considerable weight, the loss consisting in nearly 
equal ] ;r;.' uf moisture and organic matter. The lost organic matter 
inchulf - some of the caffeine.' If the coffee is “over-roasted,” the loss 
of caffeine may be considerably greater. 

The aromatic substances which give its attraction to coffee are 
many, probably mainly heterocyclic mercaptans. 

Composition of the Infusion. From 25 to 35 per cent, of the coffee 
used in making the infusion goes into solution. This percentage of 

same as that of tea, but seeing that a much 
larger quantity of coffee is taken than of tea, the amount of solids per 
cup is considerably higher in the former than in the latter beverage. 
If 2 oz. arc used to make a pint, 2 a teacupful of the beverage will 
contain in solution 4-2 g. of solids, of which 0-65 is mineral matter. 

' The fat is not much affecteij according to Bengis and .\nderson. (i934) 
Journ. Biol. Cheni., 105. 1311 (quoted by I'ktTs). The Polenskc and Reichert- 
.MuissI figures rise. 

® One ounce of coffee to the pint is usuallv. however, regarded as enough to make 
a satisfactory' beverage. 
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This is supposing the coffee to be filtered. As ordinarily <lnink. sotin 
suspended matter must also be included. 

An analysis made by Hutchison of coffee of the above strength, 
showed the presence of 17 gr. of caffeine per teacupful, and 3*24 gr. 
of “tannin.”* According to this result, a cup of black coffee contains very 
much the same amount of caffeine and tannic acid as an equal (juantity 
of tea. A breakfast-cupful of cafe au hit is composed of about i part 
of black coffee to 3 of milk, and will not, therefore, contain more of tin; 
alkaloid than a teacupful of tea. 

I French coffee demands a special word of mention. It usually contains 
more or less chicory, and sometimes also some bunit sugar. Chicory 
is the root of the wild endive, kiln-dried and broken into fragments. 
The process of drying converts its sugar, of which it may have 10 to 
18 per cent., into caramel. There is no reason to beliex’e that cliicort* is 
in any way injurious to health, but its cheapness is a great temptation 
to use it as an adulterant, a process which has done much to discourage 
the consumption of coffee. As a rule, French coffee contains about 


one-third of its weight of chicory, but sometimes the proportion may 
be ^ high as 80 per cent., or even more.^ 

The secret of having good coffee is to n>ake it strong and to make it 
hot. We mostly fail in this country by not using enough. One ounce to 
the pint is the smallest proportion which will give a good result. It is 
important that the coffee should be freshly roasted, or if bought 
roasted it should be bought in small vacuum sealed tins. If the beans 
are roasted and ground at home, they should be of one size or tlioy will 
be unequally fired. Blending or mixing should be done after roasting. 
Its fragrance is quickly dissipated on keeping. Care also must be taken 
that the grinder is quite clean, for if any stale coffee is left in it the it. hole 
*»<iy be spoilt. The best way of making coffee is to extract the freshly 
ro^t and ground coffee overnight with cold water, strain it and rapidly 
nng the extract to a tempM’atiirc at which it is worth drinking, 
oiling an infusion ruins the flavour. The usual way is to j^our boiling 
water over the freshly ground coffee. The water should be just boiling, 
and infusion be carried out in a jug. For breakfast coffee a mixture of 
coffees---e.g. half and half Mocha and Plantation — may be used, and 
e addition of a little ground chicory is liked by some, but for black 
^ ee the latter should always be omitted. Three parts of milk to one 
0 ^%e is about the proper proportion for cafe au hit. 

escafd is a vacuum dried extract of pure coffee and is very con- 
venient in these hurried days and useful in flavouring junkets and ices. 


Cocoa 

Dtro 


Cocoa 

was first brought to Europe from Mexico by the Spaniards 

^ Reckoned as gallo-tannin. 
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early in the sixteenth century.^ It was known as “cacao,” but the name 
got changed wth the lapse of time. Although introduced considerably 
earlier than either tea or coffee, it is only of late years that it has 
attained any wide popularity, and that chiefly tlirough the energy 
and enterprise of some of its manufacturers. 

(The cocoa-plant is the “Theobroma cacao,” the fruit of which 
resembles a vegetable marrow or cucumber. Embedded in the pulp 
of the fruit are many seeds, each about the size of a haricot bean, and 
it is from these that cocoa is prepared. The seeds are separated from 
the pulp, and placed in heaps for several days to ferment, or "sweat. 
This causes any adherent pulp to become loose, and at the same time 
modifies the bitterness^ of the seeds and produces in them a dark colour. 
They are then roasted, which renders them brittle and loosens the husk, 
so that tlie two halves of the seed come out separately on pressure in a 
machine as cocoa-nibs. 

The nibs are either sold as such or are ground between hot rollers, which, 
by melting the fat that they contain, renders them fluid. Much of the fat 
is removed by pressure, and the remainder of the cocoa is then run into 
moulds, from which it is removed as slabs. For conversion into “soluble 
cocoa” or “cocoa essence” the slabs are ground to an impalpable powder,,.^ 

Various names arc applied to different preparations of cocoa. The 
method of preparing soluble cocoa has just been described; but it 
should be noted that the term is rc;illy a misnomer, for, strictly speak- 
ing, tliere is no such thing as a soluble form of cocoa. All that the term 
implies is that the powder is so finely divided that it easily remains 
ill a state of suspension when nii.xod with water. In order to aid the 
suspension, \'arious methods of treating the cocoa are sometimes 
aclopti'd. rile addition of potassium or sodium carbonate is a favourite 
device, espoci.dly with Dutch manufacturers. It aids suspension by 
saponifying and emulsifying the fat, and at the same time softens the 
fibre of the cocoa, so that it can form a sort of pulp with water. It also 
has the effect of deepening tlic colour of the beverage, and so of making 
it look stronger. Ihc addition of alkali is objected to by some as being 
injurious to health, but it is very doubtful if that can be fairly alleged 
against it. There are also methods of increasing the solubility of cocoa 
by the aid of heat, and to these no objection can be urged. 

\y/Cheiiiical Composition of Cocoa.* The general composition of 
the cocoa-bean is showm in the following table. 

1 For a histor)’ of Cocoa see The I'ood of the Gods, by Brandon Head (George 
Routledgc and Sons. Ltd ). 

- If this is done in tropical sunlight the yeasts which cause the fermentation 
become endowed with vitamin D. wliich may ultimately appear in tlic cocoa. 

3 Probably by oxidizing llie polyphenols. Too little oxidation results in bitter- 
ness; too much in insipidity. 

^ See also Alleu*s Commercial Organic Analysis, 3^ Part 2. 
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Composition of Cocoa 



Analysis of 

Analysis of 


Raw Trinidad 

Shelled Fresh 


Nibs.» 

Cocoa-bcans.2 


Per Cent. 

Per Cent. 

Water 

5-23 

7-6 

Fat 

• 50-44 

49 -y 

Starch . 

. . 4 -20 

2-4 

Protein, soluble. 

. 0-3 "I 

lO-u 

„ insoluble. . 

J 

“Tannin’' 

6-71 

0-2 

Gum 

217 

2-4 

Cellulose 

0-40 

100 

Alkaloid 

0-84 

3-3 

Cocoa-red 

. . 2-20 

• 

Undetermined 

. . 5-80 

5 ‘3 

Mineral elements 

2-75 

40 


The chief ingredient is fat, of which the cocoa-bcan contains about 
half its weight. In the commercial powder, however, there is only 
about 30 per cent, present, the remainder having been removed by 
pressure. 

Cocoa contains a considerable proportion of nitrogen, but it must 
be carefully noted that not all this represents protein. Part also is 
contained in theobromine. 

The chief alkaloid found in cocoa is theobromine. 3 Theobromine is 
known chemically as dimethyl-xanthine, and it is closely related to 
caffeine, which is trimethyl-xanthine. Cocoa contains from i to .2 or 
more per cent, of it, or about as much as there is of caffeine in coffee. 

Cocoa contains also some tannin, though probably not of exactK’ 
the same form as that found in coffee and tea. It seems to be combineil 
with a pigment to which the name of cocoa-rod is given, but the exact 
relationship of the two substances has not been fully determined. 

Starch is present to the extent of 8 per cent. (Winton, Silverman, 
and Bailey).* 

The proportion of mineral elements is high, amounting in r.iw cocoa 
to from 2\ to per cent. Copper and manganese are present and iron 
2 ? to 3j rng. per 100 g. After the fat has been partly removed, the 


* Inland Kevenue I.aboratory. * 13 (>u.s^ingault. 

cafldne^^^* *935 from the laboratories of Fry & Son.s show tlic 


l\CC of 


Theobromine 1-04 ^ 

Caffeine . 0*4 (o* 14-0 *73) O'O 

* Quoted by Winton and Winton. (io 
l oods. Chapman & Hall, Ltd., 4, 121. 


I'lain 

Chocolate. CluHoUtr. 

0'3 0*13 \K’1 iclil 

0*1 OH>5 .. 

The Slritciure uttd i of 
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proportion of ash rises to 4 or 5 per cent.; or, if alkali has been artifici- 
ail}' added, it may amount to 8 per cent. The ash is strongly alkaline, 
and in the artificial preparations consists chiefly of potash and phos- 
phoric acid. 

Chocolate consists of ground cocoa-nibs to which cocoa butter is 
added, together with cane-sugar and vanilla flavouring. The inferior 
varieties are made from unfcrmented beans, and therefore have a bitter 
taste. Good chocolate should melt easily in the mouth, and should not 
sweat out any sugar in the form of a bloom. The taste also should be 
free from any roughness or astringency. The white part of chocolate 
creams consists of a mixture of cane-sugar and glucose. 

The table on the opposite page shows some analyses of cocoas, 
drinking and eating chocolate. 


Uses of Tea, Coffee, and Cocoa 

Tea contains caffeine (i,3,7,trimethyl-xanthine) and theophylline 
(i,3,dimcthyl-xantliine);* coffee, caffeine; and cocoa, theobromine 
(3, 7, dimethyl-xanthine). Of these, much the most active and important 
is caffeine. 

Caffoino is a stimulant which affects the nervous system and the 

kidneys. In the nervous system it influences the higher “psychic” 

centres inc»ri' than the ined\illar\' centres and these more than the 

% 

spinal Curd. PavIo\’ states that it is impossible to inhibit conditioned 
reflexes whi n tlie animal is under the influence of caffeine, and the 
alkaloid li:is therefore an effect on the cortex of the brain. It un- 
doulitodl}- "clears the mind.” abolishes a sense of fatigue and often 
induco.s sleeplessness. Tea and coffee certainly arc great aids to mental 
work. 

Respiratory and cardiac centres are also stimulated by caffeine and 
there is a direct effect on the coronary arteries, which are dilated. The 
basal metabolism of a group of coffee drinkers was found to be 6 per 
cent, higher than tiiat of a control group of abstainers from coffee.* It 
is also said to raise the blood-sugar level. As a result of the quickening 
of respiration, the alveolar carbon dioxide is lowered. Apart from its 
action in improving the circulation of blood it causes diuresis by direct 
action on the kidne}'. It decreases the reaction time and the latent 
period of reflexes and stimulates the capacity for muscular work.* It is 
not cumulative nor habit forming, and it has no after effects. The other 
purine derivates have rather less effect than caffeine, but the action 
is similar. 

* .\bo tctramcthyluric anil (tttraiiutl»yk>xy.'canthinv). 

* Hackett. (1031), Home, fienn.. 13, 76«). 

* Rivers and Webber, fiuo;). Joion. Physiol.. 36, 33 
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Clearly these alkaloids are extremely useful and their effects account 
for the very extended use of the beverages containing them by people 
in all ages and countries. On the other hand their pharmacological 
properties are too mild seriously to interest pharmacologists and 
clinicians to-day, for much more potent drugs have been discovered. » 

The common practice in this country among the well-to-do is to 
take tea at afternoon tea only, and coffee at breakfast, after lunch, and 
after dinner. Nearly everyone lower in the social scale takes tea at 
breakfast and in the afternoon and possibly before breakfast, at mid- 
morning, after the midday meal, with the evening meal and perhaps 
just before bed. In Canada, and in Australia, it is drunk with each of 
the three meals. 

There is a strong medical prejudice against taking tea with any 
meat meal in Great Britain, and the belief is entertained that the tarmin 
in the tea “tans” the protein of the meat and makes it indigestible. 
But no objection is raised to the tanning of the protein of fish and eggs 
at breakfast, which must be almost as serious, nor to the effects of 
tannin in coffee or \vine. Attempts have been made to justify objections 
in the taking of tea and coffee at meals by experiments in vitro and 
in vivo. 

Tlius in vitro the presence of tea inhibits the digestion of boiled starch 
to maltose by the ptyalin of the saliva. This inhibition seems to be due 
to tlie tannin, for it is less with a good China tea than with an Indian 
tea, with its higlier content of tannin, and the effect disappears entirely 
if miik be added, which combines with the tannin and puts it out of 
action. 

/ n vivo it has been claimed by a succession of workers that tea and 
coffee delay peptic digestion, although Miller and his colleagues^ 
found fliat the emptying of tlic stomach is not appreciably delayed 
by I litre of tea or coffee, and that a delay apparently caused by 
an equal quantity of cocoa is due to the sugar normally taken 
with it. 

As regards the practical inferences to be drawn from these and similar 
experiments, it may be said that in health the disturbance of digestion 
by these infused beverages is negligible. Only when the digestion is 
enfeebled or when the patient is sensitive to tea or coffee is caution 
necessary. It is usual to restrict the consumption of tea and coffee in 
gastritis, gastric and duodenal ulcer. It may be wise to forbid coffee 
entirely and recommeml that weak China tea. freshly infused and 
poured off the leaves, be taken at the end of the meal in its place not 
more than twice a day. These beverages should not be taken’ on an 
empty stomach. 

1 The late A. J. Clark. Private communication. 

- Miller et al. (1920). Arntr. Journ. Physiol, 52, 2S. 
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USES OF TEA. COFFEE, AND COCOA 

When we turn to the question to what extent tlicsc bc\’crago> can 
be indulged' in without injury to health, wc find it \cr>' difficult to 
give a definite reply. The part played by personal peculiarity and habit 
in the matter is very great. It has been pointed out, for e.xamplc, that 
the usual result of drinking tea and coffee is to produce wakefulness, 
but yet there are persons who find their use in the evening conduci\'e 
to sleep. Some people, again, can drink tea quite freely, but are made 
ill by coffee, or vice versa. Facts like these must be recognized although 
one is unable to explain them, and they make it impossible to lay down 
definite rules regarding the dietetic use of tea and coffee. 

The evil effects of drinking tea and coffee have been gTossl\- exagger- 
ated. To talk of “tea drunkenness” is absurd. It is tnie that a tea taster, 
if he swallows the fluid, may become “jump>'.” and in the liighU' 
nervous person indulgence in these drinks may produce loss of sleep, 
tremulousness, palpitation, and depression. \Vc can infer that tiiey 
should be used sparingly by “neiA'OUs” people and by dyspeptics.* 
Since the alkaloids present in these drinks are related to uric acid it 
used to be the practice to forbid them to gouty patients, but this is 
rarely necessary. 

The place of cocoa in the diet is not reallv very different from that of 
tea and coffee. An examination of the chemical composition of cocoa 
might lead one to suppose tliat it was of considerable nutritive value. 2 
But that would be a mistake. Theoretically, cocoa is a valuable food, 
but practically it is not, the reason being that so little of it can bo taken 
at a time. In this respect it is exactly comparable to many of the beef- 
extracts already considered. 

It takes about 10 g. (§ oz.) of cocoa to make a breakfastcupful of 
the beverage, and, assuming the average composition given already, 
this would yield about 40 Calories. It would, therefore, require fulh' 
seventy-five such cupfuls to yield the total amount of potential energ\’ 
demanded of the body daily — obviously an impossible quantity. Of 
course, if the beverage is prepared entirely with milk and ])lenty of 
sugar it becomes an important food, but that is due to the milk ami 
sugar, and not to the cocoa. Chocolifte is of more value. Half a pint of 
milk and 2 oz. of chocolate yield together fully 400 Calories, and 4I 
pints would suffice to supply all the energy and a large part of the 
building material required in a day. 

The action of cocoa on the nervous system is very much less than 
that of tea or coffee, owing to the small amount of alkaloid which it 
contains; indeed, it may be practically ignored. 

’ See also the chapter "Cafleinc Bcvcraecs,'' by the l.atc W. 1 '. PixoN. (is»3o). 
in What We Drinh, Hcincmann. 

* I'or the unimportance of cocoa and chocolate as sourcc.s of pvot< iii, >cc Mit 
CHRL i,, Bhadi.fs, and Krith, (1926). Journ. biol. Chem., 71, 15. 
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Paraguay Tea 

• 

Paraguay tea or mat6 is the dried leaves of Ilex paraguayensis whicli 
belongs to the holly family. It contains 1-2 per cent, of caffeine along 
with tannin, volatile ether extract, resin, and sucrose. It yields a pale 
infusion of somewhat bitter and harsh flavour. It is stated to be even 
more stimulating and sustaining than tea or coffee, and less apt to 
cause indigestion and sleeplessness. 

Owing to the injurious effects of tea and coffee on the digestion and 
nervous system in some persons, various substitutes for them in the 
diet have been proposed. Among these are Ovaltme, which is com- 
posed of malt extract, milk, eggs, and cocoa, and contains a consider- 
able percentage of lecithin. It has 8-oi per cent, fat, 67-9 per cent, of 
carbohydrates, I4'2 per cent, protein, and i*i8 per cent, mineral ele- 
ments. Cadbury’s Bournvita preparation of a similar type.* Colact. 
made by Glaxo Laboratories, contains 19 per cent, protein, 19 per cent. 

557 per cent, carbohydrate and 65 I.U. vitamin D per 02. Various 
Cereal Coffees, made from parched grains of barley, wheat, etc., arc 
also prepared, especially in America. Instani-Postum is an example. 
One or other of these substitutes is sometimes found of use in replacing 
tea or coffee when these are forbidden on medical grounds. 


Alcohol and Alcoholic Bever.\ge s 

'I he only form of alcohol with w'hich we are seriously concerned in 
dietetics is ethyl alcohol (CoHjOH). It is produced, in most of the 
Ixweragcs in which it is found, from the fermentation of glucose by 
>'east, according to the well-known equation: 

CcH,..Uo= aCOg + 2C0H5OH. 

(glucose) (carbonic (alcohol). 

acid) 

We shall subsequently discover that the special characters of different 
alcoholic beverages depend to some extent on the particular substrate 
and year concerned in the fermentation. It must also be borne in mind 
that the process of fermentation as carried on in the manufacture of 
alcoholic drinks is never such a simple affair as the above equation 
might induce one to believe. By-products arc invariably produced as 
well as alcohol, and the nature and amount of these profoundly in- 
fluence the character of the resulting beverage. Of all alcoholic drinks, 
however, it remains true that the principal constituent by which they 
affect the body is etiiyl alcohol. = 

* .\lso they are pleasant to cat. dry, with cream. 

- For a detailed account, see J/coAo/; i/s .^c/io^^ on the Human Organism. 
Third edition (1938). H.M. Stationery Office. 
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Local Effects of Alcohol. The local effects of alcohol are those 
of a chemical irritant. If some strong spirit, such as whisk}- or brandy, 
is taken into the mouth, a sensation of bunting is produced, owing 
to the irritation of the nerve endings, and by and by the mucous 
membrane becomes somewhat corrugated and whitened by reason of 
the removal of water from its surface cells and the coagulation of their 
protoplasm. Repeated local irritation of this sort is the exciting cause 
of the pharyngitis and gastric catarrh often observed in those who ar<- 
in the habit of drinking neat spirits, especially on an empty stomach, 
where the alcohol can come into direct contact with the mucous 
membrane. The stimulation of the nerves of the mouth brings about 
reflexly a profuse flow of saliva, and in this way alcohol may ])romoti- 
salivary digestion, for its retarding influence in the chemical trans- 
formation of starch into sugar is so slight that it may be neglected. 

Effects of Alcohol on Digestion. 

1. It increases the flow of gastric juice with much hydrocholoric acid 
and little pepsin. Stronger and large doses evoke less gastric juice and 
more mucus. 

2. It has a carminative effect on the stomnch, i.e. (juietens its 
muscular activity. Carlson found that 2-4 02. of 10 per cent, alcohol 
abolished hunger contractions for two hours. 

3 - The activity of pepsin is markedly decreased only wlien tlu* 
concentration of alcohol present is over 10 per cent., which is \’ery 
rarely the case in the stomach. 

Pancreatic ferments are checked in action by 2-3 per cent, of alcohol 
in vitro, but it is probable that drinks are so diluted when they reacli 
the small intestine that digestion there is not impeded. 

We can safely say that moderate quantities of alcolud when mi\c«l 
with other foods have no serious effect upon digestion. 

One defence of the use of alcohol is that, by its depressant .iction 
on the central nervous system, it may banish the worries that would 
otherwise reflexly depress secretion and mobility of the stomach, but 
experiment upon this point is difficult. People wlio are useil to taking 
alcohol with a meal do not enjoy the meal so much when it is absent 
and possibly may not secrete so much gastric juice. The teetot.dler tk)es 
not miss it. 

Alcohol, unlike any other fluid or food, is very rapi<ll\’ absorbed 
through the walls of the stomach, and while there is no evidence that 
it carries with it the products of digestion, it can carry substances like 
chloral and strychnine more rapidly into the blood-stream. 

Metabolism and Alcohol. That alcohol can act as a food is vm- 
doubted, but it acts as a Calorie food only. It cannot take the pl.ue 
of proteins, inorganic elements, or vitamins. In the form in which it 
IS usually taken, beer, wines, or spirits, it contains little or no vitamins. 
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though there is evidence that thiamine,* riboflavine and nicotinic acid 
in small amounts are found in beers. There is so little thiamine in 
alcoholic beverages that they induce neuritis by decreasing the intake 
of foods containing that vitamin. 

Consequently, the consumption of alcoholic beverages can be 
defended only on the grounds that alcohol can be burnt by the tissues 
of the body with the production of Calories. It is completely absorbed, 
partly in the stomach but mainly in the small intestine; and it is 
absorbed more rapidly than almost any other food. It reaches its 
maximum concentration in the blood in from J to 2 hours.® The con- 
centration in the blood depends upon the concentration in the fluid 
drunk. 

The rapidity with which it enters the bloodstream is greatly decreased 
by taking it with food, especially with foods containing fat. 

Onc-fiftieth to one-tenth of the alcohol drunk may be excreted in 
the breath and in the urine. The remainder is metabolized, i.e. burnt to 
carbon dioxide and water. The rate of combustion is somewhat slow, 
being about 7 ml. of absolute alcohol per hour, i.e. the amount found 
in 100 ml. of a mild claret. But it can be used to supply energy and to 
"spare” protein just as carbohydrate can "spare” protein. As it enters 
the blood so rapidly and as it needs no preparation for combustion, it 
can conceivably be used in emergencies when it is necessary to give a 
])erson, wlio has exhausted his store of carbohydrates, rapidly available 
fuel material. 

Pharmacoln(pr nf Alnnhftl Alcohol is usually referred to as a 
stimulant. This is a misnomer. Throughout the body, particularly in 
the nervous system, it acts as a depressant. It produces its euphoria by 
blimting self-criticism. It weakens self-control, dulls sense-perception, 
and impairs the accuracy of skilled movements. "Under the influence 
of alcohol, accuracy, avoidance of accident, tactful handling of col- 
leagues and subordinates, obsen’ance of discipline, punctuality, 
reticence in matters of confidence, are all jeopardized. . . .”® It is, in 
fact, a narcotic. 

There is little or no satisfactor}' evidence that it has any effect on 
the respiratory system of jjractical value. In small doses it does not 
alter tlic rate of beat of the isolated heart and in large doses it decreases 
that rate. Its influence on the actual blood pressure is small. It does, 
however, dilate the superficial bloodvessels and so may as a secondaiy' 
effect increase the pulse rate. 

When alcohol appears to promote recovery from fainting it is 

1 Boas-Fixsen and Roscoe. (1037). .-(frs. and Rev.. 7, 823. Riboflavine and 

nicotinic acid are found in beers. 

2 E. Mellanby. (1919). Res. Conmt. Spec. Rep. No. 31. 

3 Alcohol: Us Action on the Human Organism. 3rd cdn. (193S}. 45. 
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probably because strong spirit has been given, resulting in a painful 
stimulus to the mucous membrane. Painful stimuli, wherever applied — 
e.g. smelling salts to the nasal mucous membrane — have a similar 
beneficial effect. 

Whenever alcohol has an apparently restorative effect in disease, 
this is due to localized stimulation or a generalized narcotic and 
sedative action. To-day there are other more powerful and valuable 
drugs in the pharmacopaa. 

As is well knoNvn, its effect in apparently raising the temperature is 
illusory. It certainly makes a person feel warmer, but that is because 
of the dilatation of the blood-vessels of the skin. The feeling of added 
warmth is deceptive. What is really happening is that the alcohol 
increases the loss of heat from the body. People frozen to death have 
often met that fate through having been drunk when the cold overtook 
them. 

Alcohol in Dietetics. There is little then to be said in fa\our of 
alcohol and alcoholic drinks either from the dietetic or medical stand- 
point. Medical opinion is reflected in the very marked decrease in the 
use of alcoholic drinks in hospital practice, as is reported elsewliere in 
this book {pp. 502-7). Dietetics rarely pays them much attention. 
The utmost that can be said for them is that (i) they have accjuired 
the value of a social gesture of hospitality. (2) they are pleasant drinks 
to those accustomed to them, and (3) they promote a pleasant euphoria, 
which, however, is not without its dangers to people witli an "escapisf' 
tendency.! According to McDougall, alcohol enables the intro\crt to 
become extravert.* People who are used to alcohol may often be 
allowed it in their diet when they are on special diets, because they are 
miserable without it and the misery produces a more deleterious effect 
than the alcohol. 


Alcoholic Bever.\ges 

In this country the standard employed is usually what is known as 
proof spirit, and an alcoholic liquor is said to be so much above or so 
much under “proof." Proof spirit is a mixture of alcohol and water, 
which contains 49-28 per cent, of the former by weight (i.e. 100 g. 
contains 49-28 g. alcohol),* and SJ’io per cent, by volume (i.e. 100 ml. 
contains $y'io ml. alcohol). “The name proof spirit owes it origin to 
the practice in vogue during last century, of testing the strength of 

‘The deaths from alcoholism is only one-eighth of what it was in igoi TJie 
cirrhosis figure was 2000 in 1901; it fell to 774 in 1944 and lias risen to 1 124 in 

^ McDougall. {1944), Outline of Abnormal Psychology. 4th edn. 

3 100 g. of proof spirit has a volume of about no ml. for shriiikat^c occurs when 
water and alcohol are mixed. 
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samples of alcohol by pouring them on to gunpowder and applying a 
light. If the sample contained much water the alcohol burned away, 
and the water made the powder so damp that it did not ignite; but if 
the spirit were strong enough the powder took fire. A sample which 
just succeeded in igniting the powder was called proof spirit" (Perkin 
and Kipping). Spirits are described as being over proof when they 
are stronger than proof spirit, and under proof when they are weaker. 
I lius, 20 over proof means that 100 volumes of the spirit contain as 
much alcohol as 120 of proof spirit, and 20 under proof means that 
100 volumes only contain as much alcohol as 80 of proof spirit. 

Instead of using proof spirit as the standard, it is more convenient 
to speak of the amount of alcohol as being so much per cent. The 
percentage may further be stated either in weight or in volume. Five 
per cent, of alcohol by weight means, strictly speaking, that 100 g. 
of the liquid in question contain 5 g. of alcohol; but more usually the 
expression is used for weight in volume— i.e. 5 g. of alcohol in 100 ml. 
Five per cent, by volume means 5 ml. in every hundred, and is equiva- 
lent to about 4 per cent, by weight. ^ The average percentage of alcohol 
by volume in some of the commoner alcoholic beverages is roughly as 
follows:* 


Spirits; 


Per cent, by volume 

Gin, Whisky, Brandy, Rum. 25 under proof - 43 



35 .. 

.. . .37 

Wines: 

Port . 

9 


» . 20 

SheriA’ 

» 


20 

Madeira 

% 


. 20 

Burgundy 

% 


14 

Champagne 

% 


JO 

Claret . 

# 


10 

Hock . 



10 

^’ermouth . 

♦ 

» ♦ « 

% 

u 

1 

0 

limpire wines 

• 


? 

• 15-22 

Briti.sh wines 



16 

Cider (Bottle) 


V • » 

4-3 

Beer (English): 

Ale . 


• • • 

. 3 -1-6 *6 

Stout . 

♦ 

• « • 

• 3 ' 9 - 5*3 

Porter 

4 

• • • 

4*0 


In France and most other countries the amount of alcohol in wines 
is estimated by volume and is expressed in "degrees." Thus a wine of 
10 degrees strength contains a tenth of its volume of alcohol. 

^ ml. alcohol in 100 vols. >: o*S =g. in 100 vols. 

Crammes alcohol in 100 vols. x 1*25= ml. in 100 vols. 

.. .. in * btre •, 7 .i gr. per gallon |6 bottles). 

* Quoted from /ilco/iol: lis Adioii on the Human Organism. (1038), H.M.S.O. 
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Spirits. Spirits are obtained by the fermentation of various sugars, 
the alcohol and other volatile bodies produced being separated by 
distillation. It is this fact of their being the products of distillation 
which gives to spirits their high alcoholic strength, and distinguishes 
them from all other alcohol-containing beverages. Almost any substance 
capable of yielding a fermentable sugar may form the basis. Amongst 
the substances most commonly used in this country' are malted and 
unmalted barley, maize, rice, sugar, and molasses. In some parts of 
Europe, and especially in Russia, potato starcb. is largely employed for 
the purpose. AU of these substances >ield alcohol on fermentation, but 
in addition various by-products make their appearance during the 
process, and it is to the presence of these that the characteristic flavour 
of the different spirits is due. 

Thus, the by-products of the fermentation of malted barley give 
rise to the flavour of whisky, those of molasses to the flavour of rum, 
and those of the grape to that of brandy. By means of patent stills the 
by-products can be almost entirely separated from the alcohol with 
which they are mixed, and the result is an almost pure form of spirit, 
the origin of which can scarcely be told, for which reason it is called 
silent spirit. By suitable flavouring the clever matuifacturer can make* 
this the basis of almost any spirituous drink. 

Among the by-products of fermentation there an- usually foujid 
small amounts of alcohols of a higher molecular weight than ethyl 
alcohol. These are isoamyl, S-amyl, propyl and isobutyl alcohols, 
among others, and to a mixture of these the term fusel-oil is often 
applied. This fusel-oil is the result of the action of the yeast upon the 
amino acids of the substrate upon which it works. If there is much 
isoleucine in the substances fermented (as, for example, in molasses 
used in the production of rum), 5-amyl alcohol will be found in the 
spirit produced; if more leucine than isoleucine, as in a mash of corn 
and potato, then isoamyl alcohol will predominate in the fusel-oil 
formed when that mash is fermented. ^ \Vc shall see immediately that 
fusel-oil and the other by-products met with in spirits have effects on 
the body in health and disease only second to that of the eth\'l alcohol 
itself. 

Whisky has been defitied as "a spirit made from malt or mdt and 
grain, and distilled in pot-stills.”* 

It is important to distinguish clearly between genuine “malt whisk\ . " 
which is made in “pot-stills,” and “grain whisky,” which is prepared in 

patent stills.” The bulk of ordinary whisky as it reaches the coiisunu r 

^ Harden. Alcoholic Fermentatiou, pp. 176 et seq. 

* The Royal Commission on Whisky and Other Potable Spirits, \vlii< li r« |rin lcil 
in 1909* however, concluded that the term "whiskv" mav Icgitimatch' In applied 
to the product of a patent still also. 
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is probably a blend of these two, grain whisky usually predominating. 

[a) Malt whisky is prepared from malted barley which is first care- 
fully dried. In many Highland distilleries peat is used as the fuel for 
drying, and some of the characteristic flavour of such whisky is believed 
to be derived from the peat smoke. After being dried, the malt is made 
into a mash, and here, just as we shall see is true of beer, the nature 
of the water used seems to have some influence on the character of the 
final product, soft water giving the best result. The mash is then 
fermented much as in the making of beer, only the process is allowed to 
go on longer. \Mien fermentation is complete, the fermented mash or 
"wash” is distilled in the old-fashioned pot-still. This is the form of 
still which is by far the most commonly used in Scotch and Irish 
distilleries. It is made of copper, and the volatile products are con- 
densed in a simple "worm.” no attempt being made to separate the 
spirit from the by-products. The still is heated over an open flame. This 
is a point of some importance, for it causes some of the sugary sub- 
stances in the wash to become slightly charred, and there is produced 
in this way, amongst other things, the substance furfural, the presence 
of which is one of the chief distinguishing characteristics of pot-still 
whisky. 

The first product of the distillation is called low ivines. These are 
redistilled, and yield (i) "fore-shots," {2) "clean spirit," or whisky, 
(3) "feints”; the residue in the still being the "spent lees.” 

The fore-shots and feints both contain much of the by-products of 
fermentation, and are redistilled, the distillate being added to the 
clean spirit, or whisky. 

It must lie noted that fusel-oil is not obtained separately by this 
nu'thod of distillation, and the product consists of alcohol plus some 
of the by-products of fermentation. The whisky thus produced has an 
alcoholic strengtli of from 13 degrees to 50 degrees over proof, but 
before bonding it is usually diluted in Scotland to ii degrees and in 
Ireland to 25 degrees over proof. 

The by-products— chiefly aldeh5'des— which it contains give it, 
wlien 5'oung, a raw, harsh, disagreeable taste, but after keeping for 
some years in wood it mellows greatly, and the harsher the taste when 
young, the more full flavoured the whisky when matured. 

What the exact nature of the changes is, by which the improvement 
which whisky undergoes in wood is brought about, we do not yet fully 
know. This we do know, however, that the percentage of alcohol 
diminishes; 6 to 8 per cent, of proof spirit being lost by five years' 
storage. On the other hand, the fusel-oil docs )tol undergo diminution, 
in spite of frequent statements to the contrary. 

Irish pot-still whisky differs from Scotch in being prepared usually 
from a mixture of malted barley with unmalted grain (barley or maize). 



SPIRITS 42(j 

and the malt is not dried over peat. Otherwise the manufacture of the 
two is very similar. 

{b) Grain Whisky. This is the form of whisky most commonly dis- 
tilled in England. It is made from a mixture of grains (barley, rye, and 
maize), with just a sufficiency of malt to convert their starcli into 
sugar. More important than this distinction, however, is the fact that 
it is distilled by steam and in a patent (Coffey’s) still in such a wa)- that 
the by-products of fermentation (fusel-oil. etc.) are, to a large- c.\teni 
separated from the ethyl alcohol. The result is that tlie raw pr.xluct 
has much less flavour than young malt whisky, and is sooner ready to 
go into consumption. When run off the still it is almost colourless and 
h^ an alcoholic strength of 6o degrees over proof, but is usualh- 
diluted to II to 12 degrees over proof before bonding. It acquires a 
yellowish colour from being stored in old sherry-casks. 

As regards the main differences between the two varieties of whisky, 
it should be stated — 

1. That patent-still whisky contains much less of the b\’-products 
of fermentation (including fusel-oil) than pot-still whisk\-. and is 
therefore much purer. 

2. That as a consequence of this, patent-still whisk\- does not 
improve nearly so much on keeping as the other variety. 

It follows from this that a young patent-still whisky is mucli better 
to drink than young malt whisky, but that the latter, when fully 
matured, has a fuller and pleasanter flavour than the former. It is 
absurd to object to grain whisky on the ground that it contains more 
fusel-oil than malt whisky, for just the reverse is the truth. .After 
removal from bond, whisky is diluted— or "broken down," as it is 
termed in the trade— by the addition of water. The legal limit of 
dilution is 35 degrees under proof {about 37 per cent, alcohol b\- 
volume), and most whisky is sold at a strength of about 30 under 
proof. In other words, we shall not go far wrong if we regard a glass of 
whisky as containing something between a third and a half of a glass 
of absolute alcohol. Ihis was not true of war-time whisky, for the 
statutory dilution was incrciised. 

As already mentioned, most commercial whiskies are blends, and 
not the product of one distiller>’. Grain whisky is often used a.s the basis 
of the blend, a certain proportion of malt whisky being added to giv e 
flavour. Even when the blend contains as much as 90 per cent, of grain 
w isky, it is often sold as "genuine malt." The public taste now is 
certainly in favour of a mild-flavoured whisky, hence the largo use of 
gram spirit in blends. 

Potheen is the product of illicit stills, and, being usually made from 

molasses, has the characteristics of rum rather than thos<' of true 
whisky. 
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Brandy. If whisky is regarded as distilled beer, brandy may be 
spoken of as distilled wine. 

The best brandy was originally produced in one of the richest wine 
districts of France {Departement de la Charente or Cognac district). 
The quality varies with the character of the grapes, the best grapes 
yielding the variety knowm as Fine or Grande Champagne. This is the 
only genuine liqueur brandy. The varieties known as Petite Champagne 
and Premiere Bois rank next to it. If sold pure, these constitute old 
Cognac, but a large amount of them is used for blending with inferior 
varieties. 

In a good year six or seven bottles of uine should yield one bottle 
of brandy. When first distilled the spirit is devoid of colour and is of a 
fiery character, \^’hen kept in cask it takes up colour from the wood 
and gradually becomes mellower. Improvement goes on for a long time, 
so that the older the brandy the better. After twenty or forty years it 
contains a considerable proportion of volatile esters and aldehydes, 
to which it owes its aroma and flavour. French brandies have a 0*02 per 
cent, of a clear yellow oil with a powerful odour of cognac. It is a natural 
ingredient and absent from all other types of brandies.' 

While the above is the origin of genuine brandy, it must be admitted 
that very little of the brandy sold in this country is so derived. The 
greater part of it is really concocted in the Cognac district and else- 
where from "silent spirit” coloured with burnt sugar and flavoured 
with a'lianthine or various essences. Such a product is entirely different 
from genuine brandy, for it contains but little of those volatile esters 
derived from wine which are so conspicuous in genuine Cognac, and to 
which it owes most of its attraction. 

The production of genuine brandy by the distillation of Spamsh 
wines is now carried on at Jerez and elsewhere. It is also exported by 
Algiers, Australia, Egypt, and Greece, and some "British Brandy” is 
manufactured in this country^ from grain spirit, mixed with argol, 
French plums, and French wine vinegar, the mixture being subse- 
quently redistilled. 

In the United States brandy may be made from cherries, apples, 
pears, and peaches as well as from grapes. 

Rum. Rum is usually produced by the distillation of fermented 
molasses obtained in the manufacture of raw sugar; the best varieties, 
however, are obtained by direct fermentation of the juice of the sugar- 
cane. Pineapples and guavas are sometimes added to the fermented 
mash to improve the flavour of the distilled spirit. This spirit contains 
by-products of fermentation, which impart to nim its characteristic 
flavour. The chief of these is ethyl butyrate, and a considerable 

iValaur. { 1039). Eng. Chem., 31, 339; and /ouni. ln$t. Brew.. 45, 266; 
quoted in The Analyil, 64* ('939)- 
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proportion of the rum sold in this country is made from silent spirit 
flavoured with that substance. 

Rum owes its dark colour to burnt sugar. When kept for some time, 
it improves greatly in flavour by the developncnt of esters in which it 
is peculiarly rich. It usually goes into consumption at about the same 
alcoholic strength as whisky, or perhaps a little stronger. 

Gin (also known as Geneva — from genievre, a juniper — Schiedam 
and Hollands) is obtained by fermenting a mash of r\’e and malt, and 
distilling and redistilling the product. Juniper-berries and a little salt, 
and sometimes also coriander, cardamoms, and angelica root are added 
in the final distillation, and the product is run off into underground 
cisterns lined with white tiles, where the spirit can be kept without 
colouring. Some is matured in old sherry-casks and becomes as a result 
straw-coloured. 

The chief seat of the manufacture of genuine gin is at Schiedam in 
Holland. Much so-called gin, however, is fabricated elsewhere out of 
silent spirit flavoured with salt, juniper-berries, and turpentine. 

Gin is allowed to be sold Nsath as low a proportion of alcohol as 35 
under proof (37 per cent, alcohol by volume), but is usually imported 
at 14 to 15 under proof. Sweetened and diluted gin is sold under the 
name of Old Tom. 

Whilst varying somewhat in alcoholic strength, all the spirits we 
have been considering agree in containing very little solid matter — 


Constituents. 

Grain 

Spirit. 

I 3 cet 

Spirit. 

Jamaica 

Rum. 

Scotch 

Whisky. 

Gin. 

Tjqiical 

3-Star 

Brandy. 

Alcohol per litre by 
weiglit in g. . 

932-60 

912*90 

; 619-20 

436*20 

401 -50 

1 

1 

410-50 

Alcohol per litre by 
volume in ml. 

956-00 

942*00 

695-00 

512-00 

475-00 

485 -oo 

Equal to proof spirit 
per cent. 

167-55 

165*09 

121 -79 

; 89-77 

83-26 

84 -96 

Extract per litre 

Nil 

j Nil 

6-36 

I -16 

0 52 

6*70 

Acidity (calculated as 
acetic acid) . 

2-40 

do 

0 

122-40 

3-60 


37-50 

Aldehydes (as ethylic 
aldehyde) 

J »5 

10-92 

i 5 - 4 > 

14-38 

n 

6-10 

Furfural . 

Nil 

Nil 

2 -08 

r -94 


082 

Alcohol in esters (not 
in total) 

I -84 

9*20 

161 -00 

20-24 


27-88 

Esters (expressed as 
ethyl acetate) 

3 52 

17-60 

308-00 

38-72 

8-8o 

53-35 

Higher alcohols 

2 -So 

6-95 

62-58 

122-76 

13-25 

58-48 


Eiro 
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less, indeed, than i per cent., gin being the poorest in this r^pect. 
They have also a very low degree of acidity, nim standing highest, 
then brandy, with 256 mg, per 100 ml, while whisky and gin have only 
about 51 mg. per 100 ml. They are all practically free from sugar. 

The table above, taken from the Report of the Lancet Special 
Anal3'tical Commission on Brand}', represents the comparative 
composition of the difTcrent spirits in a convenient form. 


Liqueurs and Bitters 

This group of liquors may be regarded as consisting essentially of 
spirit sweetened with cane-sugar and flavoured with aromatic or other 
herbs or essences. It has been well said that they are chiefly the product 
of the alchemist and the monaster}'. The proportion of alcohol in them 
is high, varj'ing from 33 to 50 per cent, or more by volume. The pro- 
portion of the other ingredients is shown in the following analyses of 
some of the most prominent members of the group, taken from Konig: 


Percentage of Composition of Liqueurs 



Alcohol. 

Jl - 

Extract. 

Cane- 

sugar. 

\'’arious 

extrac- 

tives. 

Mineral 

matter. 

By 

vol. 

By- 

weight. 

Absinthe 

■ 5 J ^-93 


o-iS 


0-32 

_ 

.\ngostiira 

• .1970 


5-85 

4-16 

I -69 

0-06S 

.Anisrttc 

6 

c 

30-7 

34 - 8-2 

34-44 

0-38 

o-o68 

Honedictim* 

. 52-00 

38-5 

36 00 

32-57 

3*43 

0-406 

Chartreiisu 

• -I.ViS 


36-11 

34-37 

1-76 


Creme do iMenthe 

. .jS-oo 

36-5 

28-28 

27-O3 

0-65 

0-043 

Cura^oa . 

• 5.SOO 

• 4 - 2-5 

28 -Go 

2S-50 

0-10 

0-040 

Kiinmu'l 

• . 13-90 

24-8 

32-02 

31-18 

0-84 

0-058 


Tlie following is a brief description of the origin and constituents of 
some of tile better-known liqueurs and bitters: 

Absinthe. Made by macerating Alpine plants of the wormwood 
species with the root of anise and sweet-flag and marjoram leaves in 
40 per cent, spirit. A glassful {30 ml.) contains the following amounts 
of absolute alcohol: 


Onlinarv absinthe 

Denh-tnic 

1 -inc 

Suisse 


14-3 ml. 
i5'0 .. 
20*4 .. 
24-2 


The toxic substance is thujone, a ketone isomeric with citral. 

Cura^oa. Made in .‘\msterdam from the rind of bitter oranges grown 
in the island of Curac^oa. 

Kirsch. Made from morello cherries in the Black Forest and con- 
taining a small amount of hydrocyanic acid. 
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Noyau. Made from the stones of cherries, containing oil of bitter 
almonds, and therefore poisonous. 

Maraschino. Made by fermenting a small sour cherr>^ (marasca) grown 
in Italy and Dalmatia. Both the cherries and the stones are crushed 
and 10 per cent, of honey added, and the whole fermented. The spirit 
is diluted, and kept for some months to mature. 

Kummel. Consists of brandy flavoured with cumin and carraway 
seeds. 

Chartreuse. Originally made at the chief Carthusian monastery, 
near Grenoble, in France, and also at Florence. It contains a large 
proportion of sugar, the flavour being derived from various oils coii- 
tained in angelica, hyssop, nutmeg, peppermint, and other herbs. 

Benedictine is a very similar product, made at Fecamp in Normandy. 

Angostura is now chiefly made in Trinidad, but formerly at Angos- 
tura, the chief flavouring ingredient being the bark of that name, 
though other species are also added. 

Ratafia is a name now applied in France to various liciueurs made 
from spirit, sugar, and aromatic herbs. It derived its name from the 
fact that it used to be drunk at the ratification of compacts and 
bargains. 

In practical dietetics the importance of liqueurs is small. Diabetics 
must take into account their content of sugar. Their use after a meal 
may be defended on the grounds of their carminative effect. 

In studying the general action of spirits on the body, one must 
distinguish carefully between the action of the alcohol itself and that 
of the by-products of fermentation which occur along with it. It would 
be a great mistake to regard spirits as simply mixtures of alcohol and 
water in nearly equal proportion. 

Spirituous liquors are too highly alcoholic for ordinary dietetic use 
unless taken in great moderation and freely diluted. Two or three 
glasses of whisky or brandy contain as much alcohol as most people can 
safely consume in one day. If this limit is observed, however, and the 
spirit freely diluted, they may do little physical harm. 

Why a crude spirit has more deleterious effects than a matured one 
is still unknown. It was supposed once to be due to the "fusel” oil, tiu' 
mixture of propyl, amyl, butyl and isobutyl alcohols, in the spirit, 
They, however, though much more toxic than ethyl alcohol, are nut 
present in sufficient amounts to take effect. Possibly the deleterious 
substance is furfuraldehyde or jiyridinc. 


Malt Liquoks 

I his group includes beer or ale, and jiorter or stout. I'liere is sonu' 
confusion in the use of these names, and they liavc not tjuite the same 
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meaning in all parts of the country. In some places the term “ale” is 
applied to the brown beverages, while the black drinks are spoken of 
as "beers." It is better to regard the terms “ale” and "beer” as synony- 
mous as they were in Anglo-Saxon da3's, and to apply them to the paler 
liquors, and to speak of the blacker drinks as “stouts or porters.” With 
the introduction of hops into English brewing, the term “beer” began 
to mean "hopped malt liquor.” 

Beer maj^ be defined as the product of the fermentation of malt and 
hops. We shall see later that much of the “beer” in common use has 
not, strictly speaking, quite this origin. 

Malt is obtained by moistening barley and allowing it to germinate 
first in heaps and later spread out evenly on a floor of cement or tiles 
at a moderate and regular temperature. During germination important 
changes take place: the ferment diastase of the grain acts upon some 
of the starch, converting it into dextrin and malt-sugar, while part of 
the proteins, by the action of another ferment, is also converted into 
soluble forms. The "green malt” so produced is next dried, and, upon 
the exact temperature at which this is carried out, the character of the 
beer largely depends, for the lower (within limits) the temperature 
employed, the more powerful is the action of the ferments contained 
in the grain, and the larger the amount of soluble substances produced. 
Low-dried malts produce pale beer; those dried at a higher temperature 
yield a darker product. 

When diy'ing is complete, the malt is ground and made into a mash 
with water. The soft water of Dublin in part accounts for the fame of 
Dublin stout, but the water of Burton-upon-Trent, which contains 
much calcium sulphate, or permanent hardness, is clearly one of the 
main causes of the pre-eminence of the pale, strong, and export ales 
of that town. In some breweries the water is artificially made up to the 
standard of that locality. 

After mashing, the wort is strained oil from the malt and boiled 
for an hour or two with hops. Boiling stops any further action of the 
diastase, and extracts from the hops their’ soluble ingredients. Chief 
amongst these are hard and soft resins, tannin, and essential oils. The 
resins are antiseptic and are necessary in beer for preventing the 
growth of various moulds, wild yeasts and other micro-organisms. The 
resins and tannin give hops a bitter flavour. The antiseptic properties 
of the hops are due to terpenes such as humulene and p caryophyllene 
not found in any other plants. The boiled wort is next pumped out and 
rapidly passed over coolers, and is then ready for the addition of the 
yeast. Great care is now taken to emploj'^ pure j'east, for many of the 
diseases of beer, such as the development in it of acetic acid, are due to 
contamination with "wild" yeasts and bacteria. Scientific brewing has 
made great progress in this direction in recent years. The yeast is 
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added to the wort in vats and fermentation is then allowed to proceed. 
Here, again, much depends upon the temperature em[)loyeJ. In this 
country fermentation is usually conducted at rather high temperatures, 
with the result that most of the sugar is broken up and tlic resulting 
beer is rich in alcohol. In Germany low temperatures and “bottom” 
yeasts are employed, and more sugar and dextrin arc left in the bjcr, 
but less alcohol is produced. Low-fennentation beers also contain more 
carbonic acid than most English beers, and are therefore better aerated. 
It is thus that lager-beer is produced. 

When fermentation is complete, the yeast, which has been carried 
to the surface, is skimmed off. The beer is then run off into casks. Hero 
a secondary fennentation occurs under the action of the small quantity 
of yeast still contained in the beer, but it is restrained to some extent 
b^' the addition to the cask of an extra quantity of hops. Tlie longer 
this lasts, the greater is the amount of alcohol produced, and if strong 
beer is desired it must be left in the cask for some months. At the s.inte 


time some volatile bodies seem to he developed which impart to siu h 
beer its full flavour, while the production of more carbonic acid under 
pressure leads to partial solution of that gas, and gi\es to the litjuor a 
pleasant sharp taste. Just before bottling, the beer is “rmed" by adding 
either egg wliite (poor), casein (poor), gelatin or isinglass and tannin 
(the usual substance) or Bentonite, a clay from W’yoming. These 
colloids carry down any remaining yeast cells and other impurities. 

After bottling, the beer becomes brisker than it was in the cask, 
probably because no gas can now escape from it. Strong beer will keep 
well in bottle for eighteen months. 

The names applied to different beers vary in different breweries, and 
many of the commercial brands are made by the judicious blending of 
beers produced in different ways. One can distinguish broadly be twei ii 
mUd and bitter ales, the fonner containing relatively mon' malt and 
less hops than the latter, while in mild the malt is also dried at a higlu r 
temperature. 

Indian Pale Ale is so called because it was first produced for the 
Indian market. It is very thoroughly fermented, and contains, there- 
fore, but little sugar, and being highly hopped it has good keeping 


properties, for the hops act as an antiseptic. 

In an ordinary public-house the varieties usually distinguished are 
"mild ale,” which is the poorest; "mild ale and bitter,” which is a 


mixture of these two beers and comes next; and after tliat “bitter ' and 


"Burton,” the last being the strongest of all. 


The description of brewing given above applies only to “pun* ' bti rs 
— that is to say. to beverages brewed only from malt and hops. A very 
large proportion, however, of the beer in ordinary' consumption has not 
this origin, some cheaper source of sugar than malt being emi*loyed. 
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Amongst the substitutes so used are invert sugar, potato glucose, flaked 
maize and rice; and the liquor produced from them is sometimes 
termed substitute beer. 

A large amount of evidence concerning the production of these 
beers and their effects upon health was given before a Parliamentary 
Commission, but it must be admitted that the results were not very 
detinite or satisfactor}'. It would appear that it takes an expert to tell 
the origin of a beer from its flavour, and it was certainly not clearly 
sliown that the "substitute” beers are really injurious to health, while 
they can undoubtedly be produced more cheaply than the genuine article. 

Porter and stout are made in the same way as beer, but the malt 
is first roasted in cylinders, much as coffee is. This has the effect of 
producing some caramel, to which the dark colour of these beverages 
is mainly due, and it must also, by destroying.the diastase, prevent the 
further production of dextrin and sugar in mashing. The proportion 
of solid matter in the liquor is often enhanced by the artificial addition 
of caramel or of invert sugar. 

German beers, as has been mentioned, are fermented at a lower 
temperature than those of this country", and contain more dextrins. 
Secondary fermentation takes place in them to a large extent, and 
produces much carbonic acid gas. They are decidedly less alcoholic 
than English beers. 

Composition of Malt Liquors 

The most important constituents of these beverages are alcohol; 
dextrins, sugar, and a small amount of soluble nitrogenous matter 
(together these make up the "extract”); and organic acids. 

The table belowi gives the approximate composition of some of 
these beverages. 

As might be expected beers contain significant amounts of ribo- 
llavine and nicotinic acids and attention has been called to this 


Composition of Malt Liquors {pi:r pint) 



Alcohol. 

ProlciiL 

Fat. 

Avail* 

able 

Carbo* 

hydrate. 

Cal* 

cium. 

Iron. 

Oxlorits 

Calories 

pint. 


ml. 

g. 


C. 

lUg. 

mg. 



Pale ale, draught 

. n3*7 

1-7 

Trace 

170 

01 

0-38 

55 

310 

Pale ale, bottled 

. 

M 


lOH 

76 

0-30 

51 

m 

Mild ale, draught 

. 

2S 

»» 

17- 1 

GO 

0-28 

41 

253 

Mild ale, bottled 

. 25*8 

1-7 

« » 

20-7 

71 

0*45 

48 

273 

Strong ale 

. 45U 


1 » 

27-4 

05 

0-50 

75 

438 

Stout 

. 2e*7 

2*2 

I* 

23 U 

58 

0*78 

49 

382 


Beers during war time were 

distinctly more dilute.) 




Mild 

. 17*3 

12 

0 

0-7 

57 

0*58 

29 

165 

Bitter . 

. 24-4 

1-2 

0 

0-7 

57 

0-68 

38 

316 

Stouts 

. 23*3 

2-8 

0 

19*7 

29 

0*58 

45 

256 

Strong ales . 

. 32 0 

2-8 

0 

10*7 

29 

0-5S 

57 

331 


* ^IcCA^•cE. R. A., and Widdowson. R. M. (194a). oft. cit. 

~ H.arton-Wright. (1944). liiochem. Jotirn., 38, 34. 

3 The Niilritive Values 0/ War-time Foods. (1945), Medical Research Council. 
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fact in the House of CommonsA Doubtless the brewinj' industry 
will focus attention on it in the future. While the riboflavine content 
is comparable with that of milk the nicotinic acid content is much 
greater. Even war-time beers gave figures running from y-S to 17*0 pg. 
per g. or about 4*42 to 9*65 pg. per pint. Pre-war beers contained 
more. Thus Worthington Strong Ale, brewed 1798, contained 9-36, 
Anglo-Bavarian Beer, brewed 1S72, 5-84, Reid’s Stout, brewed 1S99, 
9*8, and Combes Export Brown Stout, brewed 1900, 8-68 pg. per pint. 
It is interesting to note that "Chancellor” ale brewed for .All SouLs 
College, Oxford, 1938, possessed 25*9 pg. per pint, i.e. more than a 
day’s ration. 


Action and Uses of Malt Liquors 

Action on Digestion. Malt liquors have but little ntarding in- 
fluence on salivary digestion, and what action they do possess is 
entirely due to their acidity. Stout is twice as acid as beer, and hence 
has a greater retarding action on the digestion of starch by the saliva. 2 
Sound beer, indeed, in some experiments, 3 seemed actuallv to increase 
rather than restrain the action of ptyalin in vitro, but sour beer has a 
decidedly retarding effect.* On the other hand, in the living body the 
bitterness of beer may bring about a more profuse flow of saliva, and 
so end by improving rather than impairing salivary digestion. 

If taken alone beer does not remain in the stomach any longer than 
water, for 200 ml. are found to have completely left it in about one and 
a half hours. If taken with other food, it delays the chemical processes 
of digestion more than the mere amount of alcohol which it contains 
will explain. Somc^ have blamed the "extract” for this, others the 
saltsio but the action is, in any case, not an important one, for even 
half a litre of beer (about a pint), when taken with a mixed meal, was 
found to produce but very little delay in the stomach.’ It is probable, 
indeed, that a tumblerful of good, brisk beer may actually aid digestion 
by increasing appetite and calling out a more abundant secretion of 
gastric juice and more active movements of the stomach. Both stout 
and beer are frequently prescribed as soporifics. 

Influence as Foods. Since malt liquors contain digestible carbo- 
hydrates they must be rated as foods. A pint of good ale contains as 
much carbohydrate as oz. of bread. It will be seen from the tabK s 
that a pint of even war-time beer gave 165 Calories, or about 
one-twentieth of the total energy reqjiired jxr day. 

* Lancet, (lO-l-l). 2, 226. * Cm i re.s'niiN and Mkndri.. 

® Aitciiison Kobrktso.s. {1898), Jomn. Anal. iin<l Physiol . 32, <’>15. 

* Roberts. Digestion and Diet, p. i ig. 

* SiMAS-owsKV. (1886). Arch./. Hygiene.. 4, i. 

“Buchner. (1881), Deut. Archiv. f. KHn. Med., 29. 537. 


’ Ht’CHNKR. op. cit. 
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A glass of milk yields about 184 Calories, a similar glass of good 
bottled beer about 168. It does not follow from this, however, that 
beer is almost as good a source of energy as milk, for, as we have seen, 
alcohol is to be regarded as a food of only limited value. Still less is it 
as good a food for it lacks any first-class protein and is deficient in 
calcium, iron, and phosphorus and in most of the vitamins. \Vliat 
energy it provides is purchased at more than twice the cost of that from 
milk. Whatever may be the grounds for advocating the consumption 
of beer they can hardly be said to be dietetic or economic. 

Malt liquors must be strictly forbidden in many forms of disease. 
Tlie combined effects of their alcohol and carbohydrates render them 
specially prone to produce obesity, and they have been regarded as 
frequent predisposers to gout. In all cases of inflammation of the 
mucous membrane of the genito-urinary tract, also, they seem, for 
some reason, to have a peculiarly bad effect, and the recurrence of a 
gleet, for instance, can often be traced to their use. When taken by 
diabetics, consideration must be given to the carbohydrate content. 
Thus a pint of pre-war beer contained 16 to 20 g. carbohydrate and was 
equivalent to i or i J oz. of bread. War beer contained much less carbo- 
hydrate and a pint was equivalent to about § oz. of bread. 


Wines 

Wine has been defined as a beverage produced from the juice of the 
grape by fermentation, and some may prefer to add the saving clause 
“or with such additions as are believed to improve its keeping 
qualities." From time immemorial %vine has been extolled by poets, 
aesthetes, gastronomes and others, and it has acquired a mythology, 
still surviving in these more materialistic days. The term has been 
extended to fermentation products of more humble fruits of the earth 
than grapes: e.g. apples, pears, cowslip and dandelion blossoms and 
even the maligned parsnip. The characteristics of all these beverages 
are a beautiful colour, clarity, high concentration of alcohol when 
compared with beer, and a pleasant, though acquired, taste. 

It must be confessed, how'ever, that the favourite drinks of the 
northern peoples of Europe are the fiery distillates from fermented 
grain products and the much less potent ales and beers. Wine is 
intermediate between spirits and beer in tlie amount of alcohol it 
contains. Wine is the normal alcoholic beverage of the countries where 
viticulture is possible, but in Great Britain the drinking of wine is 
restricted to the upper classes with the exception, perhaps, of port, 
which is, or used to be, taken medicinally by the working classes, often 
under the impression that it is non-alcoholic. Wine achieves a succ^s 
d’esiime in this country but is not the drink of the generality. The 
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attitude of the richer classes may be gauged by tlie importation of 
Algerian wine after the Germans were cleared out of North Africa. 
The dietitian would have preferred, if it had been possible, the importa- 
tion of olive oil. 

Twice within this century the wine-producing countries of Europe, 
with the exception of Spain and Portugal, have been ravaged bv war, 
and it may be doubted whether in this generation the wine trade can 
fully recover in France, the valleys of the Moselle and Rhine, Sicily, 
Italy and Greece. 

We cut down the space devoted in the ninth edition to wine and 
have restricted ourselves to a general statement of the sources, 
methods of production and analyses of wine. 

The quality of wine depends very much upon the variety of the 
grape, the soil upon which it is grown, the mode in which it is cultivated 
and the climatic conditions of particular years. The juice is obtained 
by crushing the grapes, treading being the method often employed in 
order to avoid squeezing the stalks and stones too much, and so 
extracting undesirable ingredients such as tannin. 

The chief chemical constituents of the juice are sugar, nitrogemnis 
matters, tannin, and acids, such as acetic, lactic, malic, and tartaric 
acids. The sugar is a mixture of grape-sugar, or glucose, and fruit- 
sugar, or fructose, in the proportion of about three parts of the fonner 
to one of the latter. 

The relative amount of nitrogenous matter and sugar in the juice 
has much influence on the character of the wine produced. 'I he > east 
lives upon the nitrogenous matter, and split.s up the sugar, with the 
formation of alcohol and other products. If there is but little sugar and 
much nitrogenous matter present, the yeast can go on growing until 
all the sugar is split Uj). The wine will then be “dr,’" and of an acid 
taste. Such a wine is hock. If. on the other hand, the sugar is out of all 
proportion to the nitrogenous substances in the juice, a limit is set to 
the growth of the yeast and some sugar will be left in the wine, wliicli 
will then taste sweet. Should, however, the sugar and nitrogenous 
matter be present in more equal amount, the wine will retain si>me of 
both, and, though not sweet, will not have a distinctly acid ll.ivour 
either, and will be of full “body.” It must be remcmberetl, moreover, 
that no matter how much nitrogenous substance and sugar the juice 
may contain, the production of alcohol cannot go on indel'nhteh', for 
the accumulated alcohol ultimately ends by parah’sing the veast. 1 tiis 
takes place when tlie proportion of alcohol in the fermenting licpiid has 
reached about i6 per cent, by volume. Hence it is that a “n.iturar’ 
wine can never contain more alcohol than this; indeed, there is rarely 
so much sugar jjresent in the juice as to allow of its containing so much. 
If a wine contains more than i6i)crcent.of alcohol by volume, wc may he 
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sure that spirit lias been added to it artificially; that is to say, it has been 
“fortified.” Sherry and port as sold in this country are al\va3*s "fortified” 
wines; claret and hock, on the other hand, are "natural” wines. 

The colour of red wines is due to a pigment contained in the skins 
of the grapes, which is turned red by the acids of the juice. As the skins 
are left in the vat in making such wines, the alcohol which is produced 
gradually dissolves out this pigment, and so the wine acquires its red 
or purple tint. The colour of the white or brown wnes is mainly due to 
the oxidation of tannic acid in the cask. 

The yeast which adheres to the skin of the grape, and which is 
responsible for the fermentation of wine, is different from the yeast 
which produces the fermentation of malt liquors or spirits. Further, 
we now know that the characteristic qualities of different wines are 
due, in some measure at least, to the fact that they are produced by 
different species of jTasts. Thus, the 3'east concerned in producing 
hock is different from that which produces claret, and by growing a 
hock yeast on a claret "must," a wine is made which is, as it were, 
a cross between claret and hock, and has some of the distinctive charac- 
ters of both. Tlie rancio flavour of sheriy' which is characteristic of it is 
due to the development of acetaldelwde and derivatives of acetaldehyde 
by the aerobic fihn-jiroducing yeasts used in the manufacture of sherr)'. 

The exact details of the process of fennenting grape-juice, in order 
to produce wine from it, vary considerably in different countries and 
localities, and little would be gained by attempting to describe them 
fully. As a rule, the first fermentation lasts for from two to six weeks, 
dej>ending largely upon temperature, and the wine is left upon the lees 
till the spring, when it is siphoned off for storage. Prior to being jflaced 
in the cask, it is "racked” by the addition of isinglass or white of egg, 
much as beer is by "fljiings,” in order to remove nitrogenous matters 
(which prevent the wine from keeping) and suspended impurities. 
When clear, it is again "racked” off from the deposit, and stored in 
casks in the cellar. 

In the cask many very important changes take place to the occur- 
rence of which the ultimate character of the wine is largely due. For 
one thing, the alcoholic strength of the wine rises. This is due to the 
fact tliat the water of the wine soaks into the wood more than the 
alcohol docs, and is lost by evaporation, so that the wine becomes 
more concentrated. As the water so lost is replaced by the addition of 
more wine, the increase in the ])ro])ortion of alcohol is rendered all the 
greater. In the cask, too, a jiartial oxidation of the tannic acid takes 
place. This causes the white wines to become darker in colour, but has 
just the re\erse effect u]H)n the red wines; for the oxidized tannin 
unites witli, and carries down, some of their pigment. 

The small .quantity of yeast which always finds its way into the 
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cask produces a slow secondary fermentation of the wine, which often 
lasts for years. As a result of this, some of the remaining sugar is 
converted into alcohol, and in this way also the alcoholic strength of 
the wine is increased. As the proportion of alcohol rises, some of the 
ingredients of the wine, such as tannin and bitartrate of potash, 
become less soluble, and fall clown in the form of a deposit. During this 
time also some of the alcohol is o.xidized into acetic acid, and the forma- 
tion of esters takes place. The maximum cjuaiitity of these. howe\er, 
is usually reached in about five years, for the presence of water ]>revents 
the formation of esters continuing till all available acids are used up. 

After bottling, the formation of esters still goes on, possibly witli the 
aid of micro-organisms, but the alcoholic strength of the wine does not 
increase. It is quite a mistake to suppose that wine which has been kept 
long in bottle is necessarily stronger than a younger wine. Tlie reverse 
is the truth; for the alcohol seems actually to diminish after the wine 
has been bottled some years. It is also an error to suppose tliat wine 
goes on improving indefinitely. Like all other organic things, it is liable 
to decay by the slow processes of oxidation, and few wines really 
improve after thirty years; many, indeed, such as clarets, are at their 
best long before this, and it is only a few of the stronger wines, such as 
sherry and madeira, which wll stand keeping for fifty, or possild\- even 
a hundred years. 

Constituents of Wine. The following is a list of the principal 
constituents found in grape juice, or "must,” and in the wine produced 
from it. 


"Must” contains: 

Water. 

Glucose 1 

I’-ructose) 30% 

Malic and tartaric acids. 

Nitrogenous substances. 

Extractives and essential oils. 
Inorganic material. 

'1 annins, colouring matters and fatty 
substances from the skins and 
kernels. 


I 


Wine contains: 

Water. 

Glucose. 

Fructose. 

Alcohols (mainly ethyl alcohol, 
but including small amoiinls of 
propyl, butyl, amyl, and other 
higher alcohols). 5 to n per 
cent. 

Acids (mainly tartaric, but also 
including formic, acetic, pro- 
pionic, lactic, l>ntyric. malic, aiul 
succinic). 0-3 to 0-8 per cent. 

Esters of the foregoing alcohols 
and acids. 

Aldehydes, such as acetakKIijde 
and furfuraldehyde. 

Glycerol. 

Nitrogenous siib.stances. 

Extractives an<l essential oils. 

Inorganic materials. 0-15 to o-6 
per cent. 

Tannins and colouring matter. 
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It will be realized from this how complex wine is. 

It would serve no good purpose, however, to give an analysis of 
wines in detail, for, after all, the information which chemistry can give 
us about wines is of limited value. It can tell us, it is true, something 
about those ingredients which have most influence upon health, but 
it cannot tell much about those volatile compounds to which the most 
highly-prized qualities of wine, such as flavour and bouquet, are due, 
and for which one chiefly pays in buying wine when, indeed, one is not 
merely pacing for the label on the bottle. 

We propose, therefore, to describe briefly the most important of 
the constituents which influence health, and after\vards to consider the 
chief characters of some of the commoner wines in detail. 

Alcohols. Wine contains several alcohols, ethyl alcohol, however, 
being by far the most abundant. Isoamyl, S-am}^, with still smaller 
amounts of propyl and isobutyl alcohols, are present in traces, being 
produced by the action of the yeast on the amino acids arising from the 
proteins in the inust.^ A hundred ml. of a natural wine may contain 
from 6 to 12 g. of ethyl alcohol. If there is less than this, the wine tastes 
flat; if there is more, one may be almost certain that alcohol has been 
added artificially — i.e. that the wine has been “fortified.” The ad- 
vantage of fortifying wine is that it enables it to keep better, subsequent 
fermentation being restrained, and the production of acetic acid 
prevented. It is often necessaiy' in the case of wines produced in very 
warm countries, where fermentation cannot safely be allowed to go on 
to its full limits, owing to the danger of the grow'th of “wild” yeasts 
and the ])roduction of acids. Fortified wines not unfrequently have as 
much as one-third of their volume of spirit added to them, and require 
to be kept for a long time in bottle, in order to re-acquirc a true vinous 
character. Partial sterilization of the wine by the process of “pasteuriz- 
ation” is now often used to effect the same object as “fortification.” 

Acids. The natural acids found in wine are tartaric, malic, and 
lactic. Acetic, formic, succinic, and other acids are produced by 
fermentation along with carbonic acid. 

Tartaric acid is the most important. It occurs, combined with 
potassium, in the form of bitartrate of potash or argol. As the pro- 
portion of alcohol in the wine rises, the bitartrate becomes less soluble, 
and ultimately much of it falls out in the form of a crust of “tartar.” 
Hence it is that wines become less acid on keeping. 

Acetic acid may be produced in wine by the growth in the “must” 
of special organisms (the “Mycoderma aceti”), which, if unchecked, 
W'ould ultimately convert all the wine into vinegar. It flourishes 
especially in very w'arm countries, and the necessity for preventing its 

1 Feli.x Ehrlich quoted by Harden. Jlcoholic Fermentation. (1032). PP- 1^7 
et seq. 
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growth is one of the reasons why the wines of such countries are so often 
fortified. 

Acetic acid can also be produced by direct oxidation of the alcohol 
of wine in the presence of nitrogenous matter, and this occurs to some 
extent in the cask, and also in bottle, if any air finds its way into the 
wine through the pores of the cork. In order to prevent this, the bottle 
should always be laid on its side, so that the cork is kept soaked in wine. 

In a sound wine the total acidity is not more than o -3 to 0*7 per cent. ; 
above this limit the wine will taste sour. It must be noted, however, 
that mere taste is no true indication of the acidity of a wine, for the 
sourness is much concealed by the presence of sugar. As a matter of 
fact, many sweet wines are nearly as acid as the so-called sour wines. 

Dupr6 found the follo\ving amount of acid (reckoned as tartaric) 
in one bottle of wine: 


Claret 

Hock 

Sherry 

Port 

Marsala 


4-22 to 5-00 g. 

3 ' 7 ° •» 4 ‘55 '■ 
3-50 .. i - 9 <> .. 

3-18 .. 4-00 .. 
2-53 .• 2-98 .. 


A sample of ’47 port analysed by LufT» had an acidity of o-6 per 
cent., equivalent to 0*39 g. of tartaric acid in every wineglassful. 

The volatile acids in wine (acetic, etc.) should not be present in a 
higher ratio than i to 3 of fixed acids (tartaric). If the proportion is 
higher than this, the wine is slightly “turned"— i.e. is on its way to 

become vinegar. Red wines usually contain rather more volatile acid 
than white. 

Sugar. The chief sugar found in wine is fruit-sugar, or fructose. 
A “natural" or fully-fermented wine should contain about I per cent, 
of sugar; if there is less than this the flavour is not pleasant. As a rxile, 
therefore, natural wines are “dry." Sauterne is one of the few natural 
wines which is rather rich in sugar. “Fortified" wines in which fermen- 
tation has been checked by the addition of spirit contain 2 ])er cent. 

of sugar or more, while the sweet w'ines mav have as much as 20 per 
cent. * 

Duprd found the following amount of sugar in different samples of 
wine: 


Clarets . 
Hocks 
Sherries . 
Ports 

Old marsala 
Sauterne 

Champagne 
* Gout: Its 



0-71 

to 

1-71 g. 


. 0-091 

t e 

0-56 ,. 


. i4-r 

• t 

27-3 .. 


. ifi-6 

ft 

33-7 .. 


. 25-2 

• 0 

29-2 .. 


8-1 


( « 


. 3 . 3 { 

down to 


almost none 


Pathology and Treatment. CasscH 


per bottle. 


> I 


and Co. (1898). 


P 


M 
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It will be evident from this that sugar can hardly ever be present in 
wine to a sufficient extent to be of influence as a food. Even a sweet 
wine with 4 per cent, of sugar wall contain only about an ounce in a 
bottle, or pretty much the same quantity as a bottle of ordinary 
lemonade. As Anstie points out, it is hardly possible to take in more 
than J to A oz. of sugar daily in the form of wine without at the same 
time consuming so much alcohol as would produce intoxication. 

Esters. These are produced by the interaction of the alcohols and 
acids contained in the wine. They are very numerous as regards variety, 
as can readily be imagined when it is pointed out that a wine containing 
five different kinds of alcohol and five acids may contain twenty-five 
esters. Their actual amount, however, is always very small. The highest 
proportion Dupre found was in a fifty-year-old madeira, and even 
then there was only i part of ester in every 300 of wine. 

The esters of wine may be divided into tw-o classes: (i) volatile, 
(’) fixed. The former are produced by volatile acids, such as acetic; 
the latter bv the fixed acids, such as tartaric. The volatile esters 
predominate in natural wines, while most fortified wines contain the 
fixed esters in greater abundance. To this rule, however, sherry and 
madeira seem to be exceptions, for they are often rich in the volatile 
class. 

.\cetic ester is usiiallv t|je most abundant volatile ester met with in 
wine, but old wines may contain traces of propyl, butyl, amyl, caproyl 
and caprylyl acetic esters as well. 

The esters — and es]x-cially the volatile ones — are of importance as 
imparting to wine much of its “bouquet,” and a rough estimate of their 
richness in any {'articular wine can ])e made by noting the distance at 
which the boiKjuet can be smelt. 

Extractives usuallv make iij' the bulk of the solid matter in all wines, 
excc|)t such as are rich in sugar, liiey consist chiefly of pectins and 
gums. Tliov contribute to tin* taste and “body” of the wine. 

Glycerol is produced along with alcohol in the {'rocess of fermenta- 
tion. and is always {'resent in wine and in sufficient amount to affect 
the taste. It is usually said that it amounts to one-fourteenth of the 
volume of the alcohol; but that is not quite accurate, for different 
yeasts seem to {>roduce it in varying amount, so that no definite ratio 
between glycerine and alcohol can be laid down. 

Tannin. The tannin in wine is derived chiefly from the skins and 
stalks of the gra{'es used and is therefore abundant in red wines. Jts 
nature is specific to wine and the tannin is referred to as cenotannin to 
distinguish it from the tannins of tea and of oak bark, etc. Tannin in 
wine decreases by oxidation on keeping and the more mature the wine 
the less tannin it contains and the less its astringency. A glass of claret 
has about the same amount of tannin as there is in a cup of tea. 
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Iron and other Inorganic Substances. As wine has a reputation for 
blood manufacture it is perhaps reasonable to call attention to its 
content of iron and copper. There may be as much iron as 2 -5 mg. per 
100 ml. in both musts and wines, and the normal figure for copper is 
from 0-025 to 0-2 mg. per 100 ml. Some musts have as much as 23 mg. 
per litre, but they are from grapes which have been sprayed with copper 
sulphate. When washed these grapes give a must with from o-o8 to o-i8 
mg. copper per 100 ml. 

Varieties of Wine. Perhaps the most important division of wines 
is into (i) natural and (2) fortified. The natural wines, as already ex- 
plained, are those in which fermentation has been allowed to go to its 
full limit — that is to say, until the process is arrested spontaneously 
either by exhaustion of all the sugar and nitrogenous matter in the 
grape-juice, or until sufficient alcohol has been produced to jirevetit the 
further growth of the yeast. The latter consummation is reached when 
the fermenting juice contains 16 per cent, of absolute alcohol by volume. 
Fortified wines, on the other hand, are those in which the process of 
fermentation has been artificially arrested by the addition of alcohol' 
either as “silent” spirit, brandy, or some other concentrated form. 
Fermentation being thus arrested before all the sugar has been broken 
up, such wines are apt to be sweet, and arc, of course, of comparatively 
high alcoholic strength. Natural wines, on the contrarN', have usually 
low amounts of alcohol and sugar. The natural wines also, containing 
as they do a little acetic acid produced by prolonged fermentation, are 
rich in volatile esters even in their youth, while the fortified wines, 
tliough they may ultimately contain much ester, only arrive at such 
richness in their old age, and the fixed esters, except in the case of 
sherry and madoira, preponderate over the volatile. 

The principal natural wines are Bordeau.x (clarets) Burgundy, Cotes 
du Rhfine, Hock, Alsatian, and the Hungarian, Italian, .Xustralian. 
and South African wines. The chief members of the “fortified” group 
are port, sherry, madeira, and marsala. Greek wines are also usually 
fortified and resinated. 

Claret^ is produced in the district of M6doc. the seaport of which is 
Bordeaux. It is a pure natural wine containing 8 to 13 i)er cent, of 
alcohol by volume, very little sugar (about J per cent.), and a moderate 
amount of acids, acetic acid being always present. It contains also a 
high proportion of volatile esters. The best growths, or “crus,” are 
Chateau Margaux, Lafitte, and Latour. 

Haut Brion is a red wine produced in the neighbouring district of 
the Gironde, and resembles a burgundy rather than a mcMoc. Sauternes 

' Id the case of some fortified wines, however, e.g., slicrry. the alcohol is added 
after fermentaliun is coniplutc. 

* livcrywherc, except in England, claret is known as Bordeaux wine. 
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are white wines made in the same district, and usually contain a good 
deal of sugar, from the grapes being allowed to hang for a long time on 
the vines before they are picked. The famous Chateau Yquem is the 
finest of all the white wines so produced. 

Burgundy resembles claret, but is richer in extractive matter, and 
has therefore more “body." It is also of higher alcoholic strength and 
contains more natural glycerol and less tannin than any other fine red 
wine. It is produced in the district of that name, the best part being 
that wiiich stretches between Dijon and Chalon. Beaujolais and M^con, 
though not really produced in Burgundy, are usually classed with 
those wines. Orinarj^ burgundy is made from black grapes, but 
Chablis is a w'hite burgundy produced from white grapes grown in the 
same district. 

Hocks derive their name from Hochheim, on the right bank of 
the Maine. With the exception of that produced at Assmannshausen, 
they are all pale wines. They have about the same alcoholic strength as 
claret, and contain hardly any sugar, for which reason they are apt to 
seem rather acid. Their acidity, however, is not much liigher than that 
of claret, and they contain almost no acetic acid. They have the 
advantage of possessing a fine bouquet and very good keeping qualities. 


Composition of Italian Wines 



Capri 

(W'hite) 

Falemo 

(WTiite) 

Chianti 

(Red) 

Barolo 

(Red) 

Egidio 

Vital! 

(Spark- 

ling 

WTiite). 

Valtel- 

lina 

(Red). 

Alcohol by weight 

1 1 *62 

8-64 

9-36 

10-85 

io-o 8 

9-36 

,, volume 

14-37 

1073 

1 1 *61 

13*43 

12-49 

II *61 

Tartaric acid . 

. 0-52 

0-66 

o- 6 o 

0-45 

0-79 

0*41 

Acetic 

. 0 ' 3 i 

0-13 

o*iS 

0*25 

0-26 

0*29 

Sugar 

. 076 

o-ii 

0-17 

o*i8 

3-67 

0-13 


Italian wines, both wiiitc and red, all belong to the “natural" 
class. As a rule, they are of low' alcoholic strengtli, but rather more 
acid and astringent than a light Bordeaux wine. Their acidity is rather 
high.' 

Australian wines are full-bodied natural wines, containing rather 
more alcohol than most clarets. They are chemically pure, and in 
recent years have improved very much in the finer characteristics of 
good wine, as the result of greater care in the cultivation of the grape. 

The term sherry is applied to all the wiiite wines of Spain, being 
derived from the town of Jerez, w'hich may be regarded as the capital 
of the sherry-producing district. As drunk in this country, they are 

' Lancet. (1899). 1, 241. 
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all fortified wines, containing from i6 to 22 per cent, of alcohol b\’ 
volume. A “natural” sherry is quite a possible product, but is never 
imported into this country' on account of its being deficient in “keeping” 
qualities. Sherries are also all “plastered” wines; that is to say. calcium 
sulphate is sprinkled on the grapes after they are first trodden, in the 
proportion usually of 2| lb. to every ton. 

fhe practice of plastering is one of great antiquity, and w’as men- 
tioned long ago by Pliny. It was first adopted, no doubt, empiricalh', 
and the advantages of it are still far from being fully understood, al- 
though all experienced sherry-growers are of opinion that without its 
aid the production of a wine having the special characteristics of sherry 
is impossible. It may be that it acts as a preservative against tlie 
“viscosity fungus,” which is so much commoner in Southern than 
Northern wines (Thudichum). 

The chief chemical effect of plastering is to decompose the bitartrate 
of potash in the “must” with the production of insoluble calcium 
tartrate, potassium sulpliate, and tartaric acid, according to the 
following equation: 

2KHC4H4O0 -1- CaS04 = K2SO4 (- CaC4H404 + H2C4H4O6. 

The phosphates are also thrown down. 

As the tartrate of calcium falls out, it clarifies the wine, carrying 
down with it nitrogenous matters and suspended impurities. The 
tartaric acid produced renders the wine redder, and increases its free 
acidity, so facilitating the production of esters later on. 

There is introduced into the wine as the result of plastering 0-3 g. 
of calcium sulphate per litre, and i -2 g. of potassium sulphate, much of 
it, probably, in the acid form. The potassium sulphate may cause 
sherry to be slightly laxative to some persons if freely drunk, and 
renders it also somewhat bitter, but it cannot be said to have any other 
bad effects. It cannot be the cause of cirrhosis ', as has been mooted, for 
% the employes in the Spanish bodegas drink large quantities of light 
sherry daily without obvious ill effects. 

The amount of sugar in sherry varies from practically nil in the 
driest sorts up to 4 per cent, in a very raisiny wine. The acidity is 
lower than that of the natural wines already considered. 

Sherry develops in its old age a very large proportion of volatile 

esters more, probably, than any other alcoholic liquor, excecit a 
genuine cognac. ' * 

Broadly speaking, there arc two classes of sherries: 

I. “Fino,” a light, pale, delicate wine of AmontiUadoa or Manzaniila^ 
type. 

* See later, under cirrhosis. 

* Amontillado = i la Mantilla (a town near Cordova), 

5 From Manzamlla, a town near Jerez. 

Fifd 
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2 . “Oloroso,” a sweeter, full-bodied, brown wine. Intermediate 
between these is the class known as “Palo Cortado.” 

The following is an analj-sis of examples of these:i 

Composition of Sherry 



Amontillado Oloroso. 

Medium. 


Per cent. 

Per cent. 

Per cent. 

Solids 

. 2-20 

5*45 

2-87 

Sugar 

. 0-215 

I -03 

0-65 

Potassium bitartrate 

. o-o8 

0-26 

0-13 

Tartaric acid 

• 0-34 

0-52 

0-41 

Acetic 

. 0-12 

0-20 

o-io 

.•\sh 

• 0-55 

0-86 

0-70 

Potassium siiljihale 

0-52 

0-76 

0-65 

.\lcohol by weight 

14-82 

18-85 

^ 5-^7 

,, ,, vohimc 

- i<S -35 

23-10 

19-28 

Total esters 

0-00 

0-21 

0-075 


Pure sherry may be regarded as a genuine grape product, for the 
substances added to it in manufacture are also derived from grapes, 
'riius, “grajU' liquor” is used for sweetening, and the same, slightly 
caramelized, for colouring. The spirit added in fortification is also 
obtained by distilling fermented grape-juice. Sherry has the advantage 
over most wines that it can be drunk all through a meal and also that 
it does not deteriorate after decanting. 

Port is the wine produced in the district of the Upper Douro, and 
takes its name from the town of Oporto. The whole of the wine that 
reaches this countr\’ is fortified, containing from i6 to 22 per cent, of 
alcoliol by \'olume. One of the chief peculiarities of port is the large 
amount of “extract” it contains, which gives it a full body. Its acidity 
is not great, less, indeed, than that of liock, but it contains relatively 
more acetic than tartaric acid, for the latter is insoluble in the large 
amount of alcohol which port holds. It possesses a good deal of tannin, 
the stalks not being removed before fermentation, but this diminishes 
with age, though when young it is very rough and astringent. It is 
sweeter th;m sherry, containing from 2 to 6 per cent, of sugar, for it is 
fortified before fennentation is complete, not after it, as sherry is. Old 
port contains a largo proportion of esters, but, unlike sherry, contains 
more fixed esters than volatile. When mellowed it has an e.xcellent 
flavour and bouquet, and retains only a moderate amount of fruitiness. 

Madeira is derived from tlie island of that name. For a long time 
the ravages of the phylloxera stopped the production of the wine, 
but the industry revived. The wine resembles sherr}' in its general 
characteristics and in the high proportion of volatile esters which it 

1 Lancet. (i8*)8), 3. 1135 (Report of Commisssion on Shern,-. from which many 
of the statements in the above parayraphs arc taken). 


VARIETIES OF WINE 449 

contains. It is a fortified wine, containing from 16 to 2’ jxr cent, of 
alcohol by volume. 

Marsala is a Sicilian wine also resembling sherry, but sweeter and 
containing a much lower proportion of volatile esters. It is only slighth- 
acid. 

Greek wines may be either natural or fortified, but usually contain 
only 10 to 16 per cent, of alcohol by \-olume. They are rich in volatile 
acids, and are peculiar, also, in containing some aldehyde. The^’ are 
often plastered. Their chief defects are due to imperfections in the 
methods of manufacture. Many arc rcsinated 

Champagne' is the wine produced in the Champagne district of 
France, the best varieties being obtained from the {)refectures of 
Rheims and Epemay. It is produced, curiously enough, mainly from 
black grapes. These arc squeezed in a very powerful press, and the first 
pressings used to produce the finest wines. The character of the vintage 
in different years has also a vcia- marked effect on the (iualit\-. The 
expressed juice, or "must,” is allowed to stand for 12 hours in order to 
let all suspended matters fall out, and is then drawn off into casks to 
undergo the first fermentation. At this stage the different growths, or 
“crus,” are blended to form the special “cuvees,” the finest of which 
are only produced from the best grapes. The young wine is then bottled 
and left for two years, to undergo the secondary fermentation. The 
maintenance of a constant temperature is very important at this stage, 
and is attained at C.halons, Epernay. and Rheims, by storing the bottles 
in huge cellars excavated from chalk cliffs. During this fermentation a 
large amount of carbonic acid gas is produced, and as the percentage 
of alcohol rises a considerable deposit falls down into the neck of the 
inclined bottle. This is fixed to the cork by freezing, and removed with 
the latter in the process of "degorgement.'' The wine is still of a sour, 
harsh, or "brut" character, and is made drinkable by "dosage" witli 
liipieur. This consists in adding to it a solution of cane-sugars dissolved 
in old champagne and good cognac. Upon the amount of dosage the 
sweetness or dryness of the wine depends. In this countiy’ we like 
champagne dry, and therefore only 2 to 4 per cent, of li(pieur is adtled 
to the wine exported to England, b\it in some countries a wine contain- 
ing as much even as 16 per cent, is preferred.^ There can be no doubt 
that the taste for a dry champagne is rewarded by getting a purer wine, 
for heavy liqueuring covers many defects. Hence the dry wines are 
really the finest. It must be remembered, however, that unless 8 per 

' Tlic process of makinx champagne was invented hv Dom Pierre Perieium 
who clicu 111 J715. b • 

2 The cancsug.ir is gr.adually changc<l into invert sugar .after its ad.iUUm to tl.e 

Simin for champagne has swung from svvei-t to drv. .\ii,lre 

Simon (1953). 7 Supp., May -23rd. 
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cent, of liqueur h<as been added the quality of the wine will not be 
' found to improve after longer than twcnt}* 3^ears. 

Champagne should, strictly speaking, be a natural wine, containing 
from 10 to 13 per cent, of alcohol by volume. The amount of sugar 
varies from nil up to 14 per cent., depending on the dosage. The 
acidity is about 0*5 to o-6 per cent. — i.e. that of an average claret. A 
dry champagne contains about 2 per cent, of solid matter. A bottle of 
good champagne will contain about five volumes of carbonic acid gas. 
Four-fifths of tliis, however, is given of! as soon as the cork is dra\vn. 

The table of analyses and Calorie values, given below, is obtained 
from Dupre’s analj^sesof wines from a prenous edition, by assuming that 
(i) thealcohol can be completelj^ metabolized, (ii) thesugar is invert sugar 
and (iii) the contributions of the fi.xed and volatile acids are negligible. 

Similar figures are obtained from making the same calculations of 
The Hospit.al’s Commission on Light llTars, 1907, 43, 2S5. 

British IVines. From early times “wines” have been made in this 
country from various fruits such as apple, pear, cherr^^ blackberr}', 
and elderberry. Dandelions, cowslips, parsnips, and rhubarb have also 
figured as the raw material. In recent years, under the fostering 
influence of the Women’s Institutes, there has been a revival in the 
manufacture on a small scale of these wines. Wine from grapes or 
grape “must” is also still made in this countr}’. 

With the introduction of Christianity into Saxon England, pro- 
duction of wine became a necessity owing to its use in the Eucharist, 
and the cultivation of the grape and the production of wine centred 


Wine. 

.Mcohol. 
Per Cent. 

Sugar. 
Per Cent. 

Calories 
per 100 ml. 

Calories 
per 02. 

Claret . 

9-68 

0-24 

69 

20 

Greek wine 

5 -2 -35 

0-23 

87 

25 

Hock 

9 • 73 

0-06 

68 

19 

?Iungarian 

io-i6 

o-oS 

71 

20 

.Madeira 

17-83 

1 -^5 

132 

37 

Marsala 

1 6 -So 

3-50 ' 

130 

37 

Port 

iS-ii 

2-54 

136 

39 

Sherrv . 

9 

17-80 

1 

3-02 

13 *^ 

39 

Champagnes (dry) . 

1 

10-95 

177 

S3 

24 

„ (sweet) . 

8-49 

5-50 

80 

23 

Clarets . 

9-04 

o-l I 

(>7 

19 

Graves . 

9-80 

0*40 

70 

20 

Haut Graves . 

9-60 


68 

19 

Moselles 

8-54 

0-14 

60 

17 

Saiiterncs 

10-22 

0-30 

73 

21 

(sweet) . 

9-34 

I *40 

7 ^ 

20 
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round the monasteries. With the destruction of the monasteries the 
cultivation of the grape on a wne-making scale died out. An attempt 
made by the Marquis of Bute, starting in 1877 and ending in 1921, 
to grow grapes in Great Britain and to make \\ine from them proved 
to be uncommercial. Only in the sunniest summers was tlic wine 
produced worth drinking. 

But wine is still made in this countrj' either from imported Greek 
grape ''must” or from grapes. Sugar is added to the must which is 
then inverted by boiling and the resulting fluid fermented by imported 
wine yeast, brewer's yeast or "wild” yeast, ^^'hen fermentation is over, 
finings arc added, the wine coloured by vegetable dye, and stored in 
casks. Ultimately it is bottled. 

Other British fermented wines consist of a more or less characterless 
basis wine made by fermenting raisins, dried currants, or rhubarb or 
imported grape "must.” This is flavoured with ginger, orange pe‘el, 
lemon peel, concentrated fruit essences, or with imported wijK\ or 
"silent spirit.” 

The alcohol in a basis red wine may run from 67 to ii *3 per cent, by 
weight and the reducing sugars inversely with these figures from 20-6 
to 7*9. The same or even greater ranges are met with in the "finished” 
product. There is little to be said in their favour. 

Cider and Perry, derived from the apple and pear respectively, may 
be conveniently considered here, for tliey arc really to be regarded as 
wines; cider, indeed, when first made in England in the thirteenth 
century, was always called "wine.” 

The finest English cider is made in Devon, Hereford, Norfolk and 
Somerset. The mid-season fruit, which ripens in October, is best for 
the purpose. It is gathered and allow-ed to mellow' under cover for a 
fortnight, and is then ground to a pulp, the kernels being sometimes 
left out. The pulp is left in vats for 30 hours, and is then pressed, and 
100 gallons of the liquor run into a clean vat and left for some days till 
it clears. It is then racked, clarified with charcoal and strained through 
bags, and the clear, bright liquid run into loo-gallon casks and Inmged 
down. Perry is made in a very similar way. If a "sparkling" beverage is 
desired, fermentation is allowed to go on in bottle. The composition of 
these beverages seems to vary within rather W'ide limits. They are only 
mildly alcoholic, having 3 to 8 per cent, by volume, or much the same 
proportion as beer. The amount of sugar varies greatly. In a dry cider 
it may be i or i -5 per cent, or less, but in a sweet cider it may rise to 
6 per cent, or more. They arc moderately acid {o-i to o-6 per cent.), the 
chief acid present being malic; lactic is also present but, unless sophisti- 
cated, cider contains no tartaric acid. The more acid varieties (o-6 per 
cent.) will have an acidity equal to that of about g. of tartaric 
acid per tumblerful. 
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A sample of genuine Devonshire home-made cider which Hutchison 
examined had the following composition: 


Alcohol (by weight) 
Solids 

Total acidity 
\'olatne acidity 


. 4*8 percent. 

.1*5 
. 0-66 
. o-oSg 


The following analyses arc by Chapman:' 



Total 

Alcohol 

Calorie Value 


Solids. 

(by Weight). 

per Pint. 

Bottled cider 

5'12 

3*92 

275 

Draught cider 

4-31 

320 

228 


The “colic” once associated with cider drinking, now a thing of the 
past, was due to storage at an early stage of production in leaden 
receptacles. The colic was a lead colic not a cider colic. 

Medicated wines are compounds, the basis of wliich is port or sherry, 
to which has been added extract of beef, extract of malt, peptone, 
pepsin, coca leaves, cocaine, cinchona, iron, or some other dietetic or 
medicinal substance. \ “beef and malt wine” may usually be regarded 
as containing about ij oz. of extract of meat and 2 oz. of malt extract 
in a pint of “detannated” port or sherry.^ For the medicinal wines there 
is no definite formula. Of the “coca” wines, some are made from coca 
leaves, otliers from liquid extract of coca, and some from hydrochlorate 
of cocaine. 


The following tabled shows the composition of one of these wines 
compared with port: 


W’inc 


Alcohol bv 
Volunu*. 


Sugar by 
Weight. 


Meat Extract 
by Weight. Pure Alcohol 
correspond- in a Winc- 
ing to Nitrogen glassful. 
I'ound. 


Per Cent. Per Cent. Per Cent. Fluid 

Drachms. 

Port ... 20 2 to o — 

Wincarnis . . ig-G i8*2 i*2 3 

Such wines are of doubtful value. It is better for an invalid to get 
beef or malt extract separately and take along with them, if need be, 
a definite quantity of sound wine of known antecedents. 

Medicated wines should in any case only be taken under medical 
supervision. 

' Jourii. lust. Brew. (1932), February, 38, 2. 

- The quantity of bouillon represented by a wincglassful of such a \vine varies 
from about 4 tablcspoonfuls to 1 1 teaspoonfuls. (1909), Ihil. Med. Jotiru., 1, 795. 

3 ibid. 
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Aperitifs are wines containing some bitter ingrt-diont designe<l to 
promote appetite and are specially popular in France, 'i he basis t.f 
them is either a red wine, as in Dubonnet, Byrrh and Rossi, or a while 
wine as in French and Italian Vermouth and Cinzano. Tlic bitter 
constituent in Vermouth is dcriv’ed partly from wormwood, but other 
aromatics are present as well, and the alcohol content is about 17 per 
cent, by volume. Italian Vermouth has some added sugar. 

Aperitifs are comparable to medicated vines; they sometimes fulfil 
a useful purpose as appetizers. 

Cocktails are concoctions of American origin. The basis is usuall>- 
dry gin (of which they may contain one third of their \'oluin< ) or 
sometimes brandy or whisky (e.g. Manhattan Cocktail). To the spirit 
is added French or (and) Italian Vermouth and, in some cocktails, 
various bitters (Orange. Angostura, Cura^oa, etc.); in others. fla\'ouring 
agents such as orange juice (Bronx Cocktail) or lemon. A few drops of 
Absinthe are sometimes included in the compound. They arc usually 
iced. 

Cocktails are intended to serve the same purpose as aperitifs, but 
being stronger in alcohol (of which they may contain up to 30 per cent.) 
they have more “kick" in them, and the volatile oils which they 
contain, especially absinthe, tend to excite the brain. I’sed in strict 
moderation they arc perhaps harmless enough, but as they arc gener- 
ally taken on an empty stomach they arc apt to excite gastritis and 
being very rapidly absorbed they may easily induce mild intoxication 
and tend to favour the development of the alcohol habit. They promote 
appetite by abolishing the psychical inhibitions which interfere with it. 

Non-Alcoholic Grape Wines arc now made which consist of pure 
grape juice preserved by pasteurization. Suitably diluted, they form 
pleasant and refreshing drinks, useful for quenching thirst in fever 
and possessed of slight laxative and di\iretic ])roperties. 


Actions and Uses of Wine 

General Action. “The conventional ViUue of wine is ditermined 
less by its principal ingredients than by the prominence of the specific 
character termed bou(|uct and the absence of certain faults.” This 
aphorism of Thudichum. though more than half a century old. sums up 
the attitude of the modem dietitian to these beverages. Wines have a 
conventional value and little else. They betoken sociability. hospitalit>-, 
and generosity. Those accustomed to their use miss them seveniy 
when cut off Giem, even to the upsetting of their digestions, probably 
via psychological paths. Those unaccustomed to them may or may not 
obtain a special reaction after taking them. For example, there is an 
observation vouched for by a Cambridge Blue who is now a physician. 
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In his year there was a teetotaller in the boat who "went stale." His 
coach ordered him a half-bottle of champagne for dinner which he 
reluctantly took. The next day he was fit again and never rowed better 
in his life. It does not follow from this obser\'ation that it was alcohol 
or champagne which caused the change, nor that champagne is good to 
train on, for it may have been chance, coincidence, or the resolution of 
a psj’chological crisis which accounted for the change. 

If each constituent be considered in turn it is difiicult to see that 
wines are markedly beneficial or the reverse. 

Consider first the acids. These certainly retard the digestion of cooked 
starch by ptyalin in vitro, because they bring of the medium below 
the optimal figure of 6*8. Consequently some have deduced that we 
should not take acid wines with the sweet courses of a meal, and it is 
indeed tnie that we take our hocks, clarets, and burgundies with the 
earlier and more protein courses, and keep the sweeter wines till the 
desserts. This neglects the facts (i) that acid-tasting wines often have 
no more acid than the sweet wines, and (ii) acid wines provoke such a 
flow of saliva that the end result is probably that the ^jH is raised to 
the optimum figure. 

It has been suggested that when wine is drunk the acids may be 
deleterious in that they neutralize the alkalis of the blood. It must be 
pointed out that tlie acids in a litre of wine would hardly neutralize the 
alkalis of the blood and that when the acid salts of wine are meta- 
bolized the organic portion is "blow’n off” as carbondioxide in the 
breath, leaving an alkaline residue. Liebig long ago pointed out that the 
free use of hock prevents the precipitation of uric acid in the urine. 
The same is true of cider and perr)*. The fact that the consumption of 
wines and cider renders the urine alkaline would make these substances 
useful in the treatment of gravel, though, of course, fruits and natural 
fruit juices would do as w'cll, or better. It is difficult to see how the 
presence of acid salts in the alcoholic drinks under consideration could 
be anything but beneficial. 

Sugar. It can hardly be that the small amount of sugar taken in 
wines can have either a beneficial action or the reverse on the normal 
person. Nor should it affect the dyspeptic. None but the diabetic need 
take account of the sugar in wine. There is a suspicion that the sweet 
wines are harmful to the gouty, but that this is more than a suspicion 
can hardl}^ be maintained. 

Tannin. The astringency of wines is due to the tannin which they 
contain. A rough or astringent wine and an acid wine are by no means 
the same tiling, though often mistaken one for the other. Red wines 
are richer in tannin than w'hitc, young wines than old. Port, especially 
when young, is the richest of all, and Burgundy, among red wines, is 
the poorest. 
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As was said above, the amount of tannin in red wines rarely exceeds 
that in an equal amount of a well-made cup of tea, so that ne cannot 
imagine that it is either very deleterious to the nonnal person, useful 
to the diarrhoeic, or harmful to the constipated. Incidentally we may 
call attention to the tabu against taking tea along with meat and the 
absence of tabu against the combination of red wine and meat. Lay 
dietetics is full of such inconsistencies. 

Alcohol. We have already discussed the pharmacological effects of 
alcohol, pointed out that it is a depressant and not a stimulant and that 
there has been a very marked decrease of the use of alcoholic drinks 
as medicines in hospital practice. Its value, if used at all, is as a sedative. 
The effect of any wine in this direction must depend upon its content 
of alcohol, and as the "natural” wines have only half the alcohol 
present in fortified \vines they presumably are less sedative. 

But wines cannot be regarded as mere mixtures of alcohol and water 
in different proportions. For one thing dilution is of importance. The 
more dilute the alcohol is, the more slowly it is absorbed and the less 
chance of an active amount reaching the central nervous system at one 
moment. Moreover there is a possibility that the esters present in wines 
influence its pharmacological action. There is a belief widely held that 
the reason why old wines, and old spirits for that matter, are less 
harmful than younger and more fierj' liquors, is because they contain 
more of the volatile and fixed esters. The whole subject is obscure and 
made further obscure by prejudice on the part both of the supporters 
of and the detractors of the consumption of alcohol. 

We think that the following may sum up moderate opinion on the 
use of wine in health. 

1. It is doubtful if the taking of wine can be defended on the grounds 
that it makes for health. On the other hand there is little evidence that 
a moderate consumption of wine is deleterious to health. 

2. If wines are taken, the light red and white natural wines are the 
w'ines for daily use by healthy adults. 

3. Half a bottle a day of a natural wine for the sedentary and a bottle 
a day for the vigorous and actively-employed adult are reasonable 
allowances. 

4. These should be taken at and not apart from meal-times. 

5. Fortified wines are best kept for special occasions. 

6. There is little evidence that wines are useful in disease. 



CHAPTER XVm 

PRINXIPLES OF FEEDING IN INFANCY 

Geneilu. Observations 

Human young take an unconscionably long time to leam to eat 
without the help and supervision of their elders. Compared with, say, 
a calf or a lamb, a baby seems very slow in learning to feed himself 
and he takes many more months than other animals before he can be 
left to his own devices in selecting his food. The fact is that a baby, 
with his potentially large and complicated brain, has to be bom in a 
relatively immature state in order to get bom at all. He has in conse- 
quence to be protected carefully while his nervous system is reaching 
the degree of maturity normal to most other mammals at birth. After 
that he has to be led to take a share in adult food by slow stages. These 
two periods together occupy the first two years of his life. Thereafter, 
for a further decade, or more, he is still dependent on others to provide 
and to prepare his food. This last phase docs not concern us here, for, 
with certain modifications of quantity to allow for growth in addition 
to maintenance, the diet of the older child does not differ from that of 
the grown man or woman. 

Thougli the time over which the special problems of infant nutrition 
apply, lasts for upwards of two years, the principles involved are few 
and simile. I’nfortunately they tend to get overlaid by masses of 
detail. Some examples are necessary, but it is our purpose here to out- 
line principles; minute instructions of the changes in feeding to be made 
month by month must be sought elsewhere if, indeed, it is felt that the}^ 
cannot be filled in by the application of common sense to a few general 
rules. 

Infant feeding may be considered to fall into four stages, though the 
first cannot claim strictly to come within this title. 

I. During intra-uterine life. 

II. 0-4 months breast (or bottle) feeding. 

III. 5“i2 months mixed feeding and weaning. 

IV. 1-2 years transition to adult food. 

During Intra-uterine Life 

Diet during pregnancy lias already been discussed (sec pages 230 
ct seq.). Little need be added to what has already been said despite 
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the fact that we are now considering the nutrition of the fcetus ratlier 
than that of the mother. Their two interests are complementary. If 
the foetus does not find what he requires for his own growth available 
from his mother’s food, he is uncommonly well adapted to abstracting 
it from her tissues. When, for instance, a pregnant woman’s diet does 
not contain sufficient calcium and phosphorus to form the bones of her 
unborn baby, these elements are taken from the mother's own skeleton, 
to her detriment. Other substances, whether simple, sucli as iron, or 
complex, such as protein and fat, are similarly filched from tlie motlu r's 
stores if her food does not supply the necessar\- surplus for her parasitic 
offspring. To preserve herself from these depredations the pregnant 
woman must increase her intake of fat. protein, carbohydrate and 
mineral elements in the way which has alreatly been set out. El)bs' 
and his associates in Canada have emphasized and lent precision to 
this point. In these observations supplements were made to the diets of 
some of the poorer women in Toronto during the later months of their 
pregnancies, The remainder were observed as controls. The additional 
food consisted of one and a half pints of milk, an egg. an o\mce of 
cheese, an orange and some tinned tomatoes daily, together with zooo 
units of vitamin D and some wheat-germ oil. There was a significant 
difference in the health of those who received the extra food. 'rhe\’ were 


delivered of their babies with less risk and they suffered fewer puer|H raI 
complications. Moreover, they produced healthier babies. It seems, 
therefore, that the fcetus is not a completely successful panisite. 
Within limits he is nourished at the expense of his mother, but if she 
can eat and absorb the food needed by both, the resulting baby is l)etter 
than otherwise would have been tlie case. Clearly, too, the fa-tus cannot 
take from the mother substances which she does not possess. .\n auiemic 
woman is unlikely to provide her baby with an adecjuate store of iron 
with which to start life. A healtliy woman often cannot, witlmut special 
food, provide enough for twins. Iron and other blood-forming elements, 
c.g. ascorbic acid, must be readily available. Similarly, the babj’ will bi- 
born without his proper store of fat-soluble vitamins if these bav<“ not 
been plentiful in the mother's diet. 'I his applies specially to the 1-jst 
few weeks of the pregnancy during the time in which tlu- fa-tus is 
laying down a fairly considerable store of fat under his skin. It seems 
probable that he combines his reserves of fat with his nserw's of 
vitamins A and D. A premature baby, lacking his subcutaneous fat at 
is liable to rickets at a much earlier age than a full-term infant. 
The evidence that vitamin A is stored during the same period is not 
so complete. There is no doubt, however, of the disadvantages to tlie 


buns, J. H.. Scott, W, A., Tisdall. F. F., Movi.i;. W , and Hki-I , M. 

^anad. Med. Ass. Jouru.. 46. i; Enns, J. H . Hkown. G.. Tudam.. I' I-.. Moyi.k. 
" and Blll, M. (1942), Cauad. A 
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baby such as defective teeth, which arise when the mother's food has 
lacked adequate quantities of vitamin A and D during her pregnancy. 
Other neo-natal defects can be traced to shortages in the maternal diet. 
Shortage of vitamin K leads to a low prothrombin level in the newly 
born infant and this, in its turn, accounts for much of the hsemorrhagic 
disease of the new-born. It seems fairly well established that the babies 
bom of women who have had a diet adequate in vitamin K during 
their pregnancy in the form of green vegetables have a higher pro- 
thrombin level at birth than those whose mothers' diets were restricted; i 
further that the transfer of Vitamin K takes place more readily in the 
last part of a pregnancy; finally, that an adequate dose of vitamin K 
given to the mother shortly before she goes into labour will very’ nearly 
treble the prothrombin level in the baby at birth.* 

It would appear wise to make doubly sure by supplying the feetus 
with all it needs by a sufficient natural intake of green vegetables 
throughout the pregnancy and to give an artificial boost to the pro- 
thrombin level at the baby’s most Milnerable time w’hen he first 
encounters the perils of extra-uterine life. 

Breast Feeding 

In an ideal world the advice to be given about food during lactation 
would be essentially the same as that for pregnancy. Unfortunately not 
all sucklings arc nursed at the breast and the subject becomes more 
complex. Not onlj’ is it necessary’ to consider the food to be eaten and 
a\'oidcd by' the nursing mother but the nourishment she gives the baby 
has also to be analysed in order that it may be imitated in the too 
frequent cases in which breast feeding is not practised. 

There are, then, to be considered here three matters: 

(A) Tlic diet of the nursing mother. 

(B) The composition of human milk. 

(C) Substitutes for human milk. 

Diet of the Nursing Mother. If the diet is not sufficient to nourish 
both a woman and her breast-fed baby, the latter gets all that is 
available at the expense of the mother. It is surprising how some wo- 
men, even on the verge of starvation, are able to continue nursing their 
babies. It is unlikely that the milk they provide at the expense of their 
o^vn tissues is anywhere near the optimum. Indeed, in conditions far 
short of starv’ation Ebbs^ has shown clearly how much more likely are 
women, whose diet is adequate, to carry through breast-feeding than 

1 MacPherson, .\. J. S.. McC.\llum. E.. and W. F. T. (1040), 

Brit. Med. Jouni., i, H39. 

2 Hellman, L. M.. Sukttles, I.. B., Eastman, N. J. (1940), Amer. Joxtm. 
Ohitet. Gynaec., 40, 844. 

3 Ebbs, J. H., and Kelly, H. (1942). Arch. Dis. Child., 17, 212. 
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those whose food is insufficient. His observations were made under 
conditions similar to those quoted on page 457, but on this occasion the\- 
were apphed to the period after the children were bom. The additional 
food was given to the supplemented group during the first six weeks 
only of the infant’s life, and at the end of that time S6 i)er cent, of those 
having the extra food were nursing their babies against 69 per cent, of 
those who were on an unsupplemented diet. Even at the end of six 
months, although the additional food had stopped at the sixth week, 
the proportions w'ere 39 per cent, as opposed to 24 per cent. At si.x 
months of age, the babies in the supplemented group were healtliier 
and somewhat heavier than those in the poor diet group. 

It should, in theory, be possible to be more precise about the addi- 
tional needs of a lactating woman than is the case with the diet during 
pregnancy. The actual amount of milk secreted by her can be measured, 
its composition is known and in consequence the sum of the daily 
output as Calories, fat, protein, etc., can be worked out. There is not 
in fact any great advantage to be gained by a precise mathematical 
approach. The nursing mother can utilize a wide range of foodstufis 
for the secretion of milk; carbohydrates can be used to build up fats in 
the milk, and the carbohydrates in the milk have, in any case, to be 
specially elaborated. A woman is much more likely to breast-feed her 
baby successfully if she is enjoying and digesting food she likes than if 
she is made to adhere rigidly to some hypothetically correct regimen. 

An increased fluid intake is one of the nursing mother’s most urgent 
requirements. It stands to reason that if she is producing up to two 
pints of milk a day she will need to drink that much more fluid. If she 
docs not do so, she may use some of the water normally excreted by 
her intestines and become constipated through the decreased bulk of 
their contents or she may lower her output of milk. Either result is 
unfortunate, for in the first case she will resort to purgatives which 
likewise may diminish milk output. 

Much of the additional fluid intake may be taken in the form of 
water. Some, however, should be in the form of milk and of fruit juices. 
Cow's milk supplies amino-acids, fat and carbohydrate which need 
little reconstitution before being resecreted as human milk and it is 
an excellent source of the calcium, magnesium, sodium, potassium, 
etc., which have similarly to be found. To what limits the milk maybe 
disguised as tea or coffee, or the water disguised as beer, will be the 
subject of a later paragraph. Juice from oranges, grapefruit or tomatoes 
will augment her intake of salts and will supply a large part of her 
requirements of ascorbic acid. 

After water, perhaps the most tirgent addition to the diet is first- 
class protein. The daily output of protein in the milk reaches a ma.xi- 
mum of over 20 g. or just under an ounce. The extra intake to provide 
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this must be greater in quantity as there is some wastage in the process 
of reconstituting the protein to the forms in which it appears in human 
milk. Cow’s milk can supply some of the surplus and the rest should be 
provided by additional eggs, meat or fish. If cheese is acceptable and 
readily digested, it can take the place of the extra meat or fish and so 
give some variety. 

No special steps are needed to add carbohydrate or fat as long as 
the nursing mother can satisfy her hunger \vith bread and potatoes. 
The extra milk and the normal amount of butter in her food will supply 
much of the milk fat and the rest can be elaborated by her o\vn tissues 
from carbohydrate. It is unnecessary to make any special addition of 
iron beyond that contained in the extra meat and eggs, unless the 
mother’s owm blood condition demands it. The content of iron in human 
milk is of the order of o-r mg. in per lOO ml., so that the total daily 
output in the milk is unlikely to exceed i mg. This quantity is not 
increased however much is added to the mother’s intake. Any iron 
deficiency in the baby is remedied by giving a daily dose of a soluble 
and digestible iron salt after seeking professional advice. 

I he basic additions to the average adequate diet to be made each 
day during the period of lactation may therefore be summarized as 
follows: 

One pint of water. 

One pint of cow's milk. 

live ounces of freshly pressed fruit juice. 

'1 liree ounces of meat or poultry' or fish, or 2J oz. of cheese. 

One egg. 

While it is right to allow a lactating woman to select her diet for 
herself so long as the foregoing additions are incorporated, care must 
be taken to ensure that her vitamin intake is adequate. It has been 
shown^ that an insufficient amount of vitamin D in the mother’s diet, 
even in a sunny climate, may result in the development of rickets in 
her breast-fed baby. What is true of one fat-soluble vitamin can certainly 
be applied to another. The vitamin content of foods tends to vary with ‘ 
many factors. When, as is here the case, it is desirable to make sure of 
a more than normal intake of vitamins A and D, it is wiser not to rely 
on foods as a source but to give the vitamins as a supplement. In 
whatever form they are given, vitamins A and D should exceed each 
day 4000 I.U. and 1200 I.U. respectively. The position in regard to 
water-soluble vitamins is not so clear. Milk is a poor source of ascorbic 
acid in any case and it is wiser to give tlie supplement directly to the 
baby, rather than to hope that a high maternal intake will ensure a 
I Sabri. I. A., and I'ikkri, M. M. (1935), Arch. Dis. Childh., 10, 377. 
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sufficient amount in the milk. The mother should be ha\'inj; 50 
mg. ascorbic acid a day on her own account. If the baby is given 
his ascorbic acid direct, there is no need materially to increase this 
amount. The vitamins present in human milk are referred to in the 
table on page 478. The quantities indicated there suggest that what has 
been said of vitamins A, C and D applies also to the vitamin 13 complex. 
Human milk docs not seem to be a potent source of these sul)>tar.ces 
though it must be admitted that it is dithcult to find any e\ iili nce of 
lack of them in breast-fed babies in Britain. 

The inclusion or exclusion of alcohol iji the diet of a nursing mother 
has from time to time been the subject of hot debate often supported 
by a variety of not very relevant arguments. The fact is that alcohol 
does not help lactation any more than, in moderation, it hinders it. 
Many alcoholic beverages do, howex’er, proN'idc a pleasant way of 
drinking the extra water needed for successful lactation. Physiologic- 
ally, alcohol may be regarded as the nutritive equivalent of a certain 
amount of fat, and as fat in the diet is without favourable influence 
on the composition of the milk, so, too, is alcohol. 

The bad effects on the child, which have been attributed to the 
taking of alcohol by the mother, are equally imaginary; the fear that 
alcohol will be excreted by the milk being groundless, unless, indeed, 
the mother indulge in it to the extent of producing intoxication, in 
which case site is liable to harm her infant in many more serious waj's 
than by the appearance of an extremely small amount of alcohol in 
her milk. 

Alcoholic li«itiors, then, cannot directly affect the (juality of the milk. 
If, however, a little bitter beer or a glass of wine at meals increases 
the mother’s appetite and her power of digesting ordinary’ food, then 
such an addition to her diet will improve lior own nutrition, and with it 
the amount of her milk; nor need the mother be faced with the choice 
between abandoning her cocktail parties and suckling her baby. 

It has been found. » on the other hand, that when coffee is taken bv 
a nursing woman nearly i per cent, of the caffeine in the beverage is 
.excreted in the milk and presumably the same would be true of tea. 
Whether this can have any injurious effect on the infant may. however, 
be doubted. Besides caffeine, other substances taken by the mother 
may be excreted in her milk, not always without harm to the baby. 
This applies particularly to drugs, with which we are not concerned 
here, though it may be noted in passing that many purgative mixtures 
contain materials which later give the baby diarrhoea. There are also 
food stuffs, such as stewed fresh plums, rhubarb, and boiloil new 
potatoes, which tend to have the same effect on some, but not all. 
babies. Such articles of diet need not be avoided by a nursing mother 
> E. SCHILF and H. Wohinz. Arch.f. Gyniik. (193S). 134, 101. 
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unless it is apparent tliat in Hic case of her own baby they give rise to 
undesirable results. 

The Composition of Human Milk 

A normal, healthy woman provides her baby with milk of the quality 
and in the quantity he needs for the first seven to nine months of his 
life. Upon this assumption are based all the deductions which indicate 
the physiological requirements of a baby during this period. If for any 
reason it is impossible for the baby to be nursed at the breast, his best 
chance of survival depends on Iris being given food which imitates as 
nearly as possible, both in amount and kind, that with which he would 
othenvise have been provided. To this end it is necessary to measure 
the amount of milk taken by healthy babies and to study the com- 
position of the milk. The following paragraphs are concerned rvith these 
matters, but first a word of w'arning is desirable. There are very great 
variations in individual cases. The figures given are averages. No two 
babies of the same weight take exactly the same amount of breast 
milk in a given period, nor does one baby take identical amounts from 
day to day. There is also a wide range in the composition of human 
milk; some of the factors concerned in its variability will be referred to 
later. No amount of averaging will make the quantities set out precisely 
right for any particular babj' and for the same reason there is no 
purpose in worrying about the last decimal places in analyses of human 
milk. Much of the work has been repeated in recent years, but unless 
the newer studies reveal significant differences in the average results, 
the figures of earlier authorities are just as serviceable and they are in 
consc<iucnce (junted here. 

Amount of Milk required by the Infant daily. One can arrive only 
indirectlv at the amount of breast-milk which a child should get 
at each meal and in the course of the day. Arguments from the size of 
the stomach in infancy are not of much value, for individual variations 
in the size of the stomach are very wide, and its size after death is no 
certain criterion of its capacity during life. Nor is the amount of milk 
in the breast a certain guide, for the child need not exhaust the breast 
at each meal. A metliod which has been widely adopted is that of 
carefully weighing the child before and after each feed. If carried out 
on a sufficiently large number of infants, this method affords a fairly 
trustworthy basis from which to arrive at the average quantities re- 
quired at each age, and it is by such a method that the table on 
page 464.has been constructed. 

The table includes two sets of observations which were made some 
time ago and a third scries of observations on the early neo-natal 
period by Mackay^ which is more recent. This is of interest in that it 
1 Mackay, H. M. M. (1941), .-Irch. Dis. Childh., 16, 166 
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demonstrates a ver>’ close similarity to the earlier figures put forward 
by Camerer. Mackay in her paper gives her findings as Calorics taken 
each day but supplies the factor for converting these figures into ounces 
and ml. in which form, for simplicity, they appear in the table. Slie 
also starts her reckoning from midnight of the day of the infant s 
birth— that is to say, from an average age of twelve hours. In conse- 
quence her totals must be placed half-way between the corresponding 
figures for the early days of life put foi^vard by Camerer. WiUi these 
adjustments, the two sets of observations, made at some considerable 
interval apart, are very consistent and tend to confirm the reliability 
of the other figures of these earlier workers. Macey* has set out at some 
length a record of the work published on this subject during the 
intervening years together with further original observations. 

Two deductions can be made from this table. First the amount of 
fluid taken bv a healthy infant increases proportionately with his 
weight during’ the early months of lus life. The average weight of a 
baby at birth (and for the first week) is about 7 lb.: this is doubled 
at the age of four months and trebled at a year. He takes, when left 
to his own devices, between 2 and 2I oz. of breast milk for each pound 
of body weight at the age of a week, and a similar amount per pound 
body weight when he weighs twice as much at the age of four months, 
'fhereaftcr as his gain in weight slows down, his rate of incrc:iscd con- 
sumption decreases pari passu. If the fluid requirements of a babj’ in 
the early months of life have to be calculated, it is wise to take the 
upper limit of normality and give him. daily. 2i oz. for each pound of 
body weight. Secondly, the observations set out in the table indicate 
the Caloric requirements of a healthy body. Breast milk has a somewhat 
variable food value with a mean of about 19 Calories to the ounce. For 
simplicity in reckoning, both human and cow’s milk are commonly 
computed to be rather richer than this at 20 Calories to the ounce. 
Using the simplified factor it will be seen that the healthy infant takes 
between 40 and 50 Calories for each pound of body weight daily during 
these early months. When his food has to be prepared artificially it is 
wiser to accept the higher figure and to offer him 50 Calories a pound 
a day during the first four months of rapid growth; the requirements 
then diminish to 45 and then 40 Calorics during the latter part of tlic 
suckling period. 

Obviously these data must not be applied too rigidly to any gi\ en 
child, for healthy infants of a few weeks may take as much milk as 
feebler ones whose age is counted by months. On the other hand, 
wasted infants tend to have a liigher rate of metabolism than normal 
babies of the same age; they are, as it were, extravagant machines and 
so may reejuire relatively more food per unit of body-weight than the 
1 Macey, J. M., ci at, {1931), Am. Joutn. Dis. Childh., 42, 569. 
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normal. Hence the rule of feeding an underweight infant, according to 
the expected weight for its age, rather than according to its actual 

weight. 

Analysis of human milk shows that it contains water, protein, 
non-protein nitrogenous substances, fat. carbohydrate, and a \ariot\ 
of mineral elements which are in part linked with the organic con- 
stituents and in part in solution. The amount of each of these substances 
present in different samples of breast milk varies within rather wide 
limits. Some of the factors contributing to this variation will be men- 
tioned later. It is impossible therefore to give a table of constituents 
which will be true of every sample of human milk. The average figures, 
themselves subdivided for the different stages of lactation, set out by 
Holt, Courtenay and Fales' provide as good an account of the com- 
position of human milk as any others. They are as follows: 


Transitional 

Mature 

I.atc 


Percentacic Constituents or Hu.m.s.n Milk 
(from Holt, Courtenay and Fales) 


Protein. 

l-'at. 

Carbo- 

hydrate. 

Mineral 

Elements. 


2-«3 

7-50 

0*3^77 

I '56 

4-37 

7-74 

02407 

1-15 

3*2b 

7-50 

0 *2062 

I 'O7 

3-i6 

7-47 

0-1978 


It has been suggested that the figures for carbolu'drate in this table 
are higher than arc commonly found in this country and, for com- 
parison, another scries given by Daviesa is added: 

Percentage Constituents oj- Human Milk 

(fron» W. L. Davies) 



Protein. 

Eat. 

Carbo- 

Mineral 


hydrate. 

Elements. 

Early . 

214 

3 - 7 <» 

0-29 

0-31 

Mature 

. 2 -01 

3-74 

d -37 

— 

Late 

1 so 


G-8o 

OJ 


The similarity in those two sets of observ ations is much more striking 
than their divergence and the two together can reasonably be taken as 
representative of the present state of knowlctlge in Hus matter. 

I hc proteins which constitute between them from i to 2 per cent, 
of human milk are lactalbumin, caseinogen and lact-globulin. The last 
is present in very small amounts except at the very onset of lactation. 
It has the same qualities as the globulin present in the blood SiTUin 
and represents such a small fraction of the protein in true milk, as 

' Holt. I,. K-, CotiRTUNAV, A. M., ami 1 'ai.ks, H. I,. (1015), Am. /nun;. f)i«. 
Child . 10, 229. 

* Davji'.s, W. (1939), The Chemistry of Milk, ind cdu. London. 
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opposed to colostrum, that it can be dismissed from further consider- 
ation here. 

A knowledge of the relative quantities of the other two proteins, 
lactalbumin and caseinogen is of some importance, especially when it 
becomes necessary to adapt cow’s milk for the use of young babies. 
In human milk the lactalbumin accounts for about two-thirds of the 
protein present as the following table show’s: 


Distribution of Lactalbumin and Caseinogen in Human Milk 



Total 
Protein. 
Per Cent. 

Lactalbumin. 
Per Cent. 

Caseinogen. 

Holt. Courtenay and Fales^ 

I-I 5 

072 

0*43 

M tt tt M 

I -07 

075 

0-32 

Plimmer and Lo\vndes 2 

I -00 

0*68 

0-32 


The ratio of lactalbumin to caseinogen of approximately 2 : i seems 
well established and must be regarded as representing the requirements 
of young babies despite the fact that some analyses of human milk 
report quantities much nearer equality. 

So much for the distribution of proteins in breast milk. In addition, 
attention should be directed tow’ards the amino acids from which these 
proteins arc built up. Such knowledge is required for two reasons. First, 
the amino acids found to be present are prima facie those essential for 
a baby's proper grow'th. No prolonged period of feeding with a sub- 
stitute for human milk can be expected to be successful unless the baby 
is given, during that time, the amino acids to w’hich his protein meta- 
iiolisin is adapted. This point has to be borne in mind especially when 
considering some of the products put on the market for the consumption 
of ailing infants. Secondly, there is increasing evidence that certain 
amino acids are essential for the protection of tissues as well as for their 
growth. I he work on methionine® as an agent in minimizing liv'cr 
damage illustrates this i)oint (p. 66). A table of the principal amino 
acids in human milk compared with those in cow’s milk will be found 
on page 476. It shows that on this particular score cow's milk is a 
reasonable substitute. Hie two columns together provide a yardstick 
against which other reputed infant foods can be measured. 

There are other substances in woman’s milk besides the proteins 
which contain nitrogen. This non-protein fraction of the nitrogen is 
large and represents between a fifth and a quarter of the total nitrogen 
present in the milk (24-5 per cent. Plimmer and Lowndes,* 15-20 per 


> Holt, L. E.. Courtenay, .a., and Pales, H. L., loc. cit. 

2 Plimmer, R. H. A., anti T.ow.nues, J. (1037), Biochem. Journ., 31. 175 »- 
® Hi.msworth, H. P., and Ci ynn. i£. {19^4), y. ctiu. hu-esl., 5, 133. 

‘ Plimmer, R. H. A., and Lownhes, J., he. cit. 
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cent. Rietschel.‘) For the most part, however, it does not contribute 
to the nutritive value of the milk. The bulk of the non-protein nitrogen 
is present as urea. Some, about one-tenth part according to Courtenay 
and Brown, 2 appears as free amino acids. WTiatever their significance, 
these substances containing the non-protein fraction of the nitrogen 
play no great part in the nourishment of the baby, nor is it necessary' to 
take them into account when a substitute for breast milk has to be found. 

The fat in breast milk is suspended in a fine emulsion. It differs but 
little, either in quantity or quality, from that found in cow’s milk. 
Fat accounts for almost half the food value of the milk and, in the 
various analyses of milk, shows smaller \ ariations than most of the 
other constituents. The milk in the earlier stages of lactation is slightly 
richer in fat than that which comes later. Even when the baby is 
growing most rapidly in the first two months of his life, the proportion 
of fat in breast milk does not often e.\ceed 4 per cent., a figure wliicli 
falls later to just under 3^ per cent, when the rate of growth declines. 
These figures are important and indicate an upper limit of fat require- 
ments. If this is exceeded digestive upsets are likely to follow which 
may take the form of diarrhcea and vomiting or, through the formation 
of hard calcium soaps from the unused fatty acids, of constipation. The 
whitish “curds” sometimes seen in babies’ stools are usually in fact 
composed of such soaps. They are evidence of incomplete fat absorption, 
not, as is sometimes thought, of faulty protein digestion. On the other 
hand a baby cannot thrive if his food contains materially less fat over 
a long period. 

The full needs of the body for heat will fall upon the combustion of 
fat and carbohydrate, and as fat is a more compact fuel than carbo- 
hydrate and the capacity of the alimentary tract of the young is small, 
it is to be expected tliat the percentage of Calories to be obtained from 
the fat will be high. The metabolic rate is considerably higher in babies 
and young children than in adults because the former have a inucli 
larger surface area in proportion to their weight. Furthennore, their 
tissues are occupied in growth rather than maintaining a state of 
equilibrium. This excess production of heat must come from the com- 
bustion of fat and carbohydrate. In addition to maintaining the body 
temperature, fat is used during the period of rapitl growth actually 
as a tissue-producer. The infant lays down fat and substances derived 
from fat in its fat depots, in the marrow of its bones and in its nervous 
tissues. Lastly, fat is a natural vehicle of vitamin A, which ensures 
the health of epithelial tissues and nerves, and of vitamin D, wliich 
prevents rickets. 

Carbohydrate is present in breast milk as lactose. In addition, there 

1 Kietscjiel, H. (1906). ya/ir6. F. Kitiderh.. 64, 125. 

* Courtenay. A. M.. and Brown, A. (1930). Arch. Dis. Childh.. 5, 36. 
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is a variable minute amount of dextrose. The quantity of carbohydrate, 
6 .5-7 .5 per cent., is liigh compared with the milk of many other 
mammals. The discordance of the analysis as recorded in this country 
and in North America has already been referred to on p. 465. As 
further evidence of the discrepancy Myersi found an average of 6-0 
per cent, sugar in the milk of 86 women on this side of the Atlantic 
while Denis and Talbot^ record 7-1 per cent, as the mean lactose 
content in Go samples on the other. The difference is not important. It 
seems reasonable to assume that British babies will do well with milk 
containing 6 per cent, of carbohydrate, but that this amount can safely 
be increased to 7 per cent. Beyond this there is danger. On the whole, 
carbohydrates arc the ingredient of the diet which is least likely to be 
represented in too small amount. On the contrary, there is a much 
greater danger of supplying them in excess, or of making them a 
substitute for fat. An infant who is the victim of such an error may be 
plump enough, but his muscles are flabby, and his skin puffy and pale. 
Under some conditions it is possible to show that each unit of absorbed 
carbohydrate takes with it into the tissues twice its weight of water. It 
can be readily understood that even under less extreme conditions the 
weight gain from too high a carbohydrate intake leaves much to be 
desired. It is the false appearance of good nutrition which such infants 
often i^osscss tliat is apt to deceive the uninitiated, and such children 
have been known to receive prizes at baby-shows. It must be remem- 
bered. too, that carbohydrates, especially when pven in excess and in 
unsuitable forms, arc prone to undergo fermentation in the stomach and 
in’.?stinc of the infant, whereby acids and flatulence are produced, 
causing griping and diari ha*a. 

Tlie inorganic ingredients of l^reiist milk iire as important as any of 
the others. During the early months of life the skeleton is growing at a 
rate never approached at any later time; large quantities of calcium 
and phosphorus are required for this alone. In addition, muscles, blood 
and nervous tissue, to mention only a few. need sdts as well as organic 
matter for their pro]X‘r growth. Human milk provides these elements 
for a baby in the proportions in which they are needed just as cow's 
milk does for a calf or mare’s milk for a foal. The mineral requirements 
are peculiar to each kind depending on the rate of growth and other 
factors. Consequently it is important to know what is naturally supplied 
to a baby so that the same proportions may be imitated as nearly as 
possible when an artificial substitute has to be provided. The total 
amount of minerals and mineral salts as represented by the “mineral 
elements” of breast milk falls between 0*2 and 0-3 g. per cent. Illustra- 
tions of typical findings appear in the following table. 

1 Myers, B. (1927), Brit. Jouru. Child. Dis., 24, 249. 

2 Denis, W., and Talbot, !•'. B. (1919), Am. Journ. Dis. Child., 18, 93. 
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Mineral Content of Human Milk 

Mineral Elements. 


Source. 

g. per 100 

Heubner (‘) . 

0*20 

Camerer and SdldncrU) . 

0-27 

Holt et fl/.P) • 

031 

*•*111 • • * 

024 


0-21 


0-20 

Daviesf'*) 

031 

II • • • 

0*20 


Holt, Courtenay and Falcs further demonstrate the j^roportions of 
calcium, magnesium, etc., which go to make up this inorganic resi'luc. 


Distribution of Elements in Ash oi‘ Hu.man Milk 

(per 100 g.) 


Stage of 
Lactation. 

CaO 

MgO 

1 

NaoO 

KjjO 

Cl 

Colostrum 

0*0440 

0*0101 

0*04 10 

00453 

o-o 93 y 

0-0508 

Transitional 

0*0409 

0*0057 

00404 

00255 

0 -0709 

005SS 

Mature . 

0*0458 

0*0074 

00345 

0*0132 

O-OOOQ 

0035S 

1 .ate 

0*0390 

00070 

00304 

0*0195 

00575 

00575 


This table gives a clear indication of the amounts of calcium, phos- 
phorus, potassium and so forth normally afforded to a baby in the first 
few months of his life. There is more to it, however, than the bare 
figures suggest. These elements must be offered in a form in which they 
arc available for use. One of the obvious merits of breast milk is that in 
this they arc provided in the right cpiantities and in a readily assimil- 
able form. When human milk is not given to a young infant it is better 
to sacrifice an imitation of the precise quantities than to give the right 
amounts in a form in which they arc useless. Fortunately the milk of 
other mammals, although it may contain these inorganic matters in 
vastly different proportions, docs provide them in a form in which 
they are of use. 

The importance of water to the infant will be evident when one 
recollects that more than three-fourths of the whole body consists of it. 
and that it constitutes about four-fifths of milk, which is the natural 

1 Heubner. (1899), Zeil.f. Dial. u. Physik. Therapic., 3, 1. 

2 Camerer and SOldner. (1896), Zeil. f. Biohg., 33. 535. 

2 Holt, K., Courtenay, A. M., and Pales, H. I... op cit 

* Davies. W. L., op. cil. 
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diet of infancy. Water has also local uses in the stomach and bowels, 
promoting as it does the processes of absorption and secretion. One is 
too apt to forget that an infant may suffer from thirst as well as from 
hunger, and that water will allay the former better than milk. 

The vitamin content of human milk is referred to on pages 460 and 

478 - 

Variations in the quantity and quality of the milk given by different 
women are considerable as indeed are they in the milk of the same 
woman at different times. The figures which have been quoted here 
are the mean result of many observations and they do not give any 
idea of the range of findings from which they are derived. It would not 
be misleading to suggest that this range is 50 per cent, each way on the 
average recorded. On the whole it is not a serious matter that an aver- 
age figure is preferred to a range of figures. The most important point 
that might be made by quoting a wider series of observations would 
be the adaptability of a baby to different quantities of the constituents 
of his food. On the other hand mean figures give a much clearer in- 
dication of what must be arrived at when substitutes for human milk 
have to be found and for the most part they have been made use of here. 

Many factors share in producing the variations and brief mention 
must be made of some. The table on p. 464 demonstrates the increase 
in quantity of the milk and the tables on p. 465 the decrease in its 
quality with the age of the baby. The increase in the quantity 
corresponds roughly with the baby’s increase in weight. As he gets a 
greater bulk of fluid, the food value of the milk itself per ml. slowly 
decreases. The diminution is effected for the most part by a decrease 
in the fat content; the carbohydrate and the protein are ^so involved 
though to a much smaller degree. 

Colostnim (table, p. 469) is the fluid which is secreted by the breasts 
before they start to elaborate true milk. It is produced for only a very 
short period from about the second to the fourth day after the birth of 
the child and its importance in the present context is therefore not 
great. The composition of colostrum, as will have been obser\'ed in the 
table, differs materially from that of milk. It contains much less fat. 
but more protein and more inorganic matter. The protein is different 
in quality from that of milk, for it consists of a higher proportion of 
globulin. Some authorities attribute considerable importance to the 
high globulin fraction of colostrum, believing that it conveys from the 
mother to the baby in the earliest days of his life, bodies which give 
him immunity to certain infections. In humans this function of colos- 
trum is not so great as it is in the case of mammals with a different 
type of placentation whose young acquire little immunity in utero. 
For the present purposes the short period of secretion of colostnim may 
be regarded as a preparatorj' phase both for the baby and for the 
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niother. It is an important stage in itself but, relatively, plays a ver>- 
small part in the baby's nutrition. 

Apart from colostrum, the changes in milk with the progress of 
lactation present a pattern such as one would expect. Wlien the baby 
is small he receives a little milk of a high food value; as he grows he 
gets more milk whose concentration slowly diminishes. 

The influence of diet on the composition of milk has already been 
discussed (p. 458 et seq.). Little need be added here to the earlier 
conclusion that while women will continue to lactate even when starv- 
ing, they can produce milk of the optimum quality only so long as the}’ 
arc properly fed. Variations dependent on individual differences in the 
mother or her child are of comparatively little importance. It has been 
found that the milk of any given woman will show greater variations 
from day to day than the milk of different women on any one day. 
Weak women, also, seem to furnish as good a milk as those who arc- 
robust and strong, and the milk of women who have borne many 
children is but little poorer than that of those who arc nursing their 
first infant. Age, also, has little influence, for the milk of women 
approaching the climacteric has not been found inferior to that of 
mothers hardly out of their teens. 


CHAPTER XIX 

PRINCIPLES OF FEEDING IN INFANCY [continued] 


Substitutes for Human Milk 

If every woman fed her baby at the breast this chapter would not 
be required, nor in fact would a large part of the chapter preceding it 
which deals with observations on the breast-fed baby in order to 
provide the data required for finding alternative methods. Unfor- 
tunately. however, the mother is often unable or unwilling to suckle 
luT infant. Failure in this is sometimes inevitable. Often it comes from 
reasons that arc mistaken and sometimes, again, from reasons that are 
downright bad. In the latter class the bottom must almost have been 
reached by the woman who claimed that she could not suckle her baby 
because her “cigarette ash gets in the baby’s eyes.” 

b'ashion and economic circumstances dictate to some extent the 
\ ariations from period to period in the incidence and duration of breast 
fe<‘ding, In this country urbanization after the industrial revolution 
le<l to alarming epidemics of summer diarrhcea in bottle-fed babies. 
\i\ increasing knowledge of bacteriology and cause and effect suggested 
as an urgent solution, feeding babies at the breast for the first six to 
nine months of their lives whenever this was in any way practicable. 
In the earlier decades of tliis centiiiy there was a notable increase in the 
extent of successful suckling. The crest of the wave has now passed. 
The cause of the decline in breast feeding is partly economic in that so 
many women have occupations which contribute to the family finances, 
])artly a lessening of the fear of gastro-enteritis (the motor car replaced 
the horse and with this change the flies have largely gone from town 
life), and partly a fashion for early mixed feeding which while it docs 
little harm does not bring in its train many compensating benefits. 

Another contributing cause for the waning enthusiasm for breast 
feeding is the ready availability of substitutes for breast milk, which 
are safe for even very young babies and on which many infants can be 
seen to thrive. \Vickcs‘ in his recent survey of the history of infant 
feeding has emphasized the point that artificial feeding of yomig 
infants is no new thing. There has, however, never been a time in which 
the natural method could be abandoned with greater safety and sim- 
]dicity. In spite of this it may be reaffirmed dogmatically that human 

1 WicKES, I. G. (1953), Arch. Dis. Childh., 28, 151. 
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milk is the best and safest and most efficient food for the human \ ounj: 
during the first few months of their lives. The period of breast feeding 
should not be less than the first four months and it should not exceed 
nine.i In the latter case it may witli advantage be combined towards 
the end with mixed feeding in a simple form. 

However faithful one is to a belief that their mothers’ milk is the 
best food for small babies one often enough has to find some substitute 
for the natural supply. A wet-nurse is, of course, from the infant’s ]H)int 
of view, the best alternative, but one need hardly say that this mo<le of 
feeding is open to considerable practical disadvantages. 1 he use of 
preserved human milk is similarly attended with difficulties. When any 
surplus supply is available, breast milk can be kept for many months 
either by a process of pasteurization followed by refrigeration or by 
freezing it speedily on carbon dioxide snow and storing it at a tempera- 
ture below its freezing point. But the amounts available are meagre 
and the process so specialized that such preserved human milk can be 
used only in the direst emergencies. It cannot be looked upon as a 
practicable alternative means of infant nutrition. I he milk of other 
animals must therefore be considered. The following table exhibits tlu- 
approximate composition of the milk of some of the commoner domestic 
animals compared with that of human milk: 

Composition op the Mii.k or Uiri iiuKNT Animals^ 




I’rolcin. 

lal. 

Lactose. 

Ash. 

Human 

% 

. 1*3 - 2*13 

3 - 30 - 3 - 7 <J 


0’iO-o-3i 

Cow 

% 

3-40 

375 

4*75 

0-75 

Goat . 

♦ 

. 3 -67-4 -22 

4 - 33 -* 7-57 

3 01 -4 

084 

Marc . 


. I -84 -2 -05 

I 14-1 -17 

5-77-6-89 

0*30-0 *36 

Ass 

• 

. 1-85-2 -04 

i- 37 -«- 5 o 

6-09-6-I9 

0*40 


It will be observed that none of these is identicid with human milk. 

Ihis is not surprising, for the comi)osition of a milk, es[K-ci.ill\' as 
regards its proteins and mineral constituents, seems to depend upon 
the rate of growth of the animal for which it is intended. The f.ister 
a young animal grows, the richer is tlie mother’s milk in these two 
ingredients. This fact is brought out very strikingly in the following 
table; 3 

* this is true when applied to women in Great Britain; Init rircuiiist.inccs 
alter cases. Tlicrc are races of mankind whose woincn-folk can lactalc for nuu li 
longer periods without danger to their health or well being. Similarly ii is not 
everywhere that the milk of any other mammal is avail.able for the infants atU-r 
the age of nine months. Rather tlian that they should have none at all, in s»n li 
cases they should be allowed to supplement their mixed fcc<ling witli whatever 
milk their mothers can give for many more month.s. 

* Davies. (1039). The Chemistry of Milk. Chapman & Hall. 

* Heuunhr. {1899), Zeit.f. Dtai. und Physik. Therapie, 3, 1. 
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Time by 
which 
Weight is 
Doubled. 

100 Parts Milk contain 

Protein. 

Mineral 

elements. 

Calcium. 

Phosphoric 

Acid. 

Human 

4 

. i8o daj^ 

I -o 

0-2 

0-032 

0-049 

Horse 

1 

. 6o ,, 

2 'O 

0-4 

0*124 

0131 

Ox 

1 

• 47 .. 

3*5 

0*7 

o-i6o 

0*197 

Goat . 

♦ 

. 19 .. 

4 '3 

0*8 

0-210 

0*322 

Pig • 


. 18 ,. 

5*9 

■i« ■ 



Sheep 

• 

. 10 „ 

6-5 

0*9 

0-272 

0*412 

Cat . 

• 

9 k M 

7-0 

I *0 



Dog . 


. 8 .. 

7-3 


0*453 

0*493 

Rabbit 


• 7 » 

10*4 

2*4 

0-891 

0-996 


From time immemorial mankind has tried diverse experiments 
in the use of milk of other animals as food for their own young. If 
report be true, Romulus and Remus were by no means alone among 
the ancients in sucking the dugs of most unlikely foster-mothers. To 
this day the milk of mares, asses or ewes is a staple part of the 
food of many races, and it is therefore the first resort for their 
young as a substitute for breast milk. In this country, however, cow's 
milk and, to a much smaller extent, goat's milk are normally the only 
possible alternatives to a baby's proper food. Goat’s milk has the same 
disadvantages as cow’s milk only more so, since it is more concentrated 
than cow's milk, and lacks the merit of being every^vhe^e available. If 
for any reason it is desirable to use goat's milk rather than cow's milk 
as a substitute for breast feeding, the same rules for modification apply 
except that the dilution must be greater in proportion to its higher 
protein, fat and mineral content. The rest of tWs chapter is devoted to 
the adaptation of cow’s milk to the use of the very young baby. The 
fact that this occupies a number of pages should not be regarded as an 
indication that cow’s milk can ever adequately take the place of human 
milk. There are occasions when its use is inevitable. Death or insanity 
of the mother are among the few compelling reasons for the cessation 
of breast feeding. No claim is made that any alternative is so good that 
its use is warranted as a matter of personal convenience. 


Chemical Differences between Hum.an and Cow’s Milk 

(n) Quantitative Differences. Taking the average results of a 
great number of obseiA'ations on the general chemical composition 
of the two milks, one may compare them thus: 
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Water 
Protein 
Fat . 

Sugar 

Mineral salts 
Reaction 


Human Milk. 
87 to 88 per cent. 
I .. 2 

3 •• 4 »» 

0 .. 7 

o-l 0-2 

Alkaline. 


Cow’s Milk. 

87 to S8 per cent. 
3-4 
3i’* 4l •• 

4 ■ • 5 - 


0-7 

.Vci<l. 


One sees that while the total amount of solids in the two kinds of 
milk is about the same, yet the relative proportions of the different 
constituents in the two cases are very different. Cow's milk is the 
richer in protein, mineral matter, and (to a less degree) in fat; human 
milk excels in sugar. The superiority of cow’s milk in the building 
materials is no doubt due to the more rapid rate of growth of the calf 
than of the infant, but the excess of carbohydrate in human milk is 
rather surprising when one compares the relative muscular activities 
of the calf and the baby. It is difficult to explain this difference sa\ e on 
the grounds of the comparatively greater need of the infant for galactose 
in building up the central nervous system. 

(b) Qualitative Differences. On more closely examining cow’s 
milk, one finds that the differences in kind between its principal 
ingredients and those of human milk arc even greater than the differ- 
ences in the relative amounts. Sugar, indeed, is the only ingredient 
which is identical in kind in the two milks; the nitrogenous matters, 
the fat and the mineral salts must be compared separately in eacli. 

Nitrogenous Matters. We have already seen (p. 465) that human 
milk includes a considerable proportion of non-protein nitrogen. Cow's 
milk contains considerably less of these. 

The proteins of milk are of three kinds, cascinogen, albumin ami 
globulin. The quantity of globulin in the mature milk botli of wonun 
and cows is so small that it may be neglected. The proportions of 
caseinogen and lactalbumin differ with the samples of milk selected 
but it is constantly found that cow’s milk contains relatively much 
more caseinogen, and human milk more albumin. Davies> givo.s ax erage 
figures of 27 per cent, cascinogen and 0-5 per cent, albumin in cow’s 
milk, that is to say, rather more than five times as much casein as 
albumin. In human milk (p. 466) we have seen that there is noarl>’ 
twice as much lactalbumin as cascinogen (072 to 0-43 g ). To put tin' 
matter another way, one may say that the cascinogen content of cow’s 
milk is eight times as great, and the lactalbumin content only two- 
thirds as great as that found in breast milk. It is believed that the footl 
value of caseinogen as a protein is less than that of lactalbumin. If 
this is true, then cow’s milk cannot be considered to have an advantage 
o.er breast milk strictly in proportion to its higher protein content. 

> Davies, \V. L.. op. cit. 
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The ciiffereiice between the two in respect of the biological value of 
their proteins is, however, insignificant in comparison to the dis- 
advantages presented by the physical properties of caseinogen in 
excess as a baby’s food. Caseinogen behaves in a way entirely different 
from lactalbiimin in the infant’s stomach. In the presence of the gastric 
secretions, the proteins of cow’s milk form a much tougher clot than 
those of human milk. Some part of them is wasted because the clot 
is never broken up completely and part of the protein is excreted 
unabsorbed in the stools. In addition, the tough clot may. by mechani- 
cal irritation, give rise to most undesirable digestive disturbances. 

Other properties of the proteins of the two milks are beginning to 
assume increasing significance, namely the relative proportions of the 
amino acids from which they are built up. Reference has already been 
made (pp. 66 and 466) to methionine as a liver-protecting substance. 
Other amino acids have also been suggested either as remedies for 
disorders or as essentials in certain minimum quantities for 
proper growlli and development. Knowledge in these matters is not yet 
complete. It is desirable, nevertheless, to have in mind the relative 
proportions of the amino acids in cow’s milk and human milk. The 
figures given by Piimmer and Lowndes^ on this subject are set out in 
the following table: 


.\MiNo-ActD Content of Milk (g. per 100 ml.) 

(Piimmer and Lowndes) 



Cow's Milk. 

Human Milk. 

:<en 

2-2H 

Lactal- 

bumin 

0-71 

Total 

2-99 

1 

Caseino- Lactal- 
gen bumin 

0-32 o-f>8 

Total 

I *00 

Arginine 

. 0-085 

0-02S 

0-II3 

0*012 

0034 

0-046 

Histidine 

. 0-038 

0 -o 1 3 

0-051 

0005 

0*01 1 

o-oi6 

l..ysinc . 

. 0-140 

0-044 

0-184 

0*017 

0*045 

0-062 

Tryptophane 

• 0 -03 1 

0-013 

0044 

0003 

0*017 

0-020 

Tyrosine 

. 0-132 

O-02() 

0-158 

0*017 

0*030 

0-047 

Cystine . 

. o-ooS 

0-024 

0-032 

0*002 

0*030 

0-032 

Methionine 

. o-o66 

o-oi6 

0-082 

0*009 

0*009 

0-018 


There are variations not only in the total amounts of the amino 
acids in the two milks but also in the proportions found in the two 
caseinogens and lactalbumins. All the amino acids are represented in 
both milks and they are. without exception, present in greater quan- 
tities in cow’s milk. In fact, if milk were diluted with an equal quantity 
of water, they would still all be present in the resulting mixture in 

1 Plimmer, R. H. a., and Lowndes. J. {1937). liiochem. Jouru., 31, i757- 
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larger amounts than in undiluted breast milk save for cystine alone. It 
does appear, therefore, that there is a very wide margin of safety in the 
use of cow's milk, even if diluted, as a source of supply of all the 
essential amino acids. Any harm to very young babies is to be expected 
from their abundance in cow’s milk rather than their deficiency. 

Fat. In both human and cow’s milk about 20% of the fat is deri\ ed 
from oleic and palmitic acids with the oleic acid predominating by a 
little. Three more fatty acids account for another 20% in each milk and 
the distribution of fatty acids making up the remainder differs little 
in the two milks e.xcept that in cow’s milk the lower fatty acids are 
rather better represented. The degree of emulsification of the fat, quite 
apart from its composition, lias an influence on its digestibility, a fact 
which has to be remembered in considering some artificial foods.' 

Lenstrups has tabulated his observations on the pliosphorus in the 
two milks in the following form: 

Mg of Phosfhouus I’er 100 Ml. Milk 

.‘\cid Soluble P. 

Total P. Acid Insoluble P. Total. Inorganic. Organic. 
Human . i4'2 2‘b ii-6 51 0-5 

a)\v's . . 95*4 7-1 78-3 67-1 II-2 

It may be noted first that the quantities of phosphorus in all these 
forms is greater in cow’s milk, secondly that in human milk a much 
greater proportion of the acid soluble ]>hosphorus is in organic com- 
bination. Presumably the human infant with his rapidly growing brain 
and nervous system requires a higher ratio of organic phosphorus than 
the calf which is largely occupied with skeletal growth. There would 
appear to be nevertheless a suflicient amount of organic phospliorus 
in cow’s milk for the infant’s needs. 

The vitamin content of cow's milk differs only in degree from that 
in human milk and in most cases the differences are not significant. 

^ Tlic inorganic matcriaU in the two forms of milk also show important tliller- 
cnccs. The following table (quoted by Holt & Macintosh from National lies. 
Council JiuH: iti), 1950), gives a reasonable idea of the degree of these difTerenco'^. 

Composition of Ash 
g. per 100 ml. milk 



Huntan 

Cow 

Sodium 

0 - 01 $ 

0*058 

Potassium 

0-055 

0-138 

Calcium 

0-034 

0-126 

Magnesium 

0*004 

0*013 

Iron 

0*0002 

0*00015 

Chlorine 

0043 

o-ioo 

Phosphorus 

O'OiO 

0*099 

Sulphur 

0-014 

0-030 


Lenstrup, E. (1920), Journ, biol, Ghent., 70, 193. 


478 FEEDING IN INFANCY AND CHILDHOOD 

The following table’ suggests that, in so far as milk can be considered 

Vitamins in Human and Cow’s Milk 


^■italTlin A /ig. per loo ml. 
Carotene „ • 

Vitamin D U.S. units . 

.\scorbic acid mg. per loo ml. 
Thiamine f»g. per loo ml. 

Riboflavin 
Nicotinic acid 
Pantothenic acid 
P}Tidoxin 
Biotin 


> f 


r I 


r • 


I » 


Human Milk. 

Cow’s ! 

65 

33 

25 

30 

. 0-4-I0-O 

0 * 5-4 'O 

5 

2 

14 

38 

37 

200 

. 1S3 

83 

. 246 

350 

4 

67 

0-8 

3 


an adequate source of any \itamin. fresh cow’s milk is for the greater 
part as good as breast milk and in some instances rather better. It may 
be tliat in the procedures required for preserving cow’s milk there is a 
partial or total destruction of one vitamin or another. The common 
practice of most manufacturers of preserved milks intended for baby 
feeding is to replace at any rate the major vitamins to a degree which 
exceeds by many times their original value. It is important to find out 
if this is the case and the information is readily supplied. 

Tliere is no clear evidence that a baby fed on fresh cow’s milk is at 
anv greater risk of deprivation of the majority of the vitamins than 
one fed on luinuin milk. In tlic case of some of the fortified cow s milk 
preparations the risk is obviously less. This is only true so long as the 
inaniifacturns of “fortified” milks keep within reasonable limits. The 
cases of “hvpercalca.‘mia”, of which more than lOO are known to 
liave arisen in the last two years, may be attributed to too great 
‘'fortification”. 

In the light of these facts, regarding the profound qualitative 
differences in chemical composition between human and cow’s milk, 
one must conclude tliat it is not practicable so to modify the latter that 
it sliall be identical witli the fonner, and the word “humanized” applied 
to cow’s milk must be regarded in a relative rather than an absolute 
sense. 

Comparati ve Digestibility of Cow's and Human Milk. It is a famihar 
fact that for the first four or five months of their lives babies have 
much greater difficulty in digesting an unmodified cow's milk than that 
of their own mother. Part of the difficulty arises from the difference in 
the quality of the milks which lias been referred to. Indeed, it may be 
considered that the milk of one kind of mammal can never be wholly 
suitable for the young of another kind. Yet a minor part of the trouble 
is of a physical nature in that cow’s milk fonns a much denser clot in 
the stomach than human milk. 

1 L.'^wresce, J. M., et at. (1047). -two Journ. Dis. Child., 70, 193. 
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The greater density of the clot is due— (i) to the absolutely larger 
proportion of caseinogen in cow’s milk, and probably also to tliose 
chemical differences between cow’s and human caseinogen already 
mentioned; (2) to the smaller proportion of fat and soluble albumin 
relative to the caseinogen which characterizes cow's milk the soluble 
albumin and fat of human milk seem to act mechanically in producing 
a loose clot; (3) to the fact that cow’s milk contains more calcium and 
acid than human milk, and the density of the clot depends very much 
on the proportions of these two constituents. 

For all these reasons cow’s milk tends to form a dense, retracted 
clot in the stomach, wliile the clot of human milk is loose, friable, and 
easily broken up. 

In the intestine there is much less difference in behaviour between 
the two milks. The stools of infants fed on cow’s milk are richer in 
mineral matters than those of breast-fed children, but, then, cow’s 
milk is richer in minerals than human. A higher proportion of the fat 
of cow’s milk also escapes digestion than is the case with human milk, 
and probably also a somewhat greater proportion of protein; certainly 
the fajces of bottle-fed babies contain more nitrogen than those of 
infants reared at the breast. 


Infant Feeding with Cow’s Milk 

It will be agreed, that if a substitute for human milk has to be 
provided for a young baby, cow’s milk or a food derived from cow’s 
milk is the commonest practicable alternative. In the preceding section 
the differences between human and cow’s milk have been considered. 
Any modification made to the latter to render it suitable for babies 
must be made with these differences in mind. 

Before discussing the means of adapting cow's milk, it is necessar>- 
to set down certain general rules that must be fulfilletl whatever form 
of substitute feeding is adopted. 

1. The food must be of sufficient Calorie value. During the first four 
months of life a baby needs about 50 Calories for each pound of body- 
weight a day. From five to nine months its requirements are less and 
after the age of nine months these fall below 40 Calories a pound 
body-weight a day. It is neccssaiy', therefore, to know the caloric value 
of whatever is given. Each ounce of cow's milk gives 20 Calories and an 
ounce of sugar 116 Calories. From these figures the food value of most 
'modifications of cow’s milk can be worked out, though when the dried 

milks are used it is simpler to ascertain their Calorie value from tlie 
manufacturers. This should be stated on the labels on the tins. 

2. Along with its food, a baby must be given enough jluiJ. Obser\ a- 
tion of breast-fed babies shows that they take about 2. I oz. of flui<l for 

Hifi> * 
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each pound of body-weight in the day, and this figure should be aimed 


at when they are "artificially” fed. 

3. The quantity given at each feed must be such that it will satisfy the 
infant without over-filling his stomach. The table on p. 464 gives an 
indication of the daily quantities required at different ages or the 
number of feeds to be given in the day depends in its turn on the 
interval between them. Small babies weighing less than five pounds 
and those who are enfeebled for any reason need frequent rather small 
feeds and for them the interval should not exceed three hours. On 
purely theoretical grounds three-hourly feeding may be desirable for all 
babies during the first three or four months, but it is so time-consuming 
that it is usually wise to plan a longer interval. An abrupt change from 
three-hourly to four-hourly feeding was observed carefully in the 
practice of a hospital maternity department. The gain in weight of the 
babies during the first fortnight of life was slightly greater on the four- 
hourly basis and those in charge had the satisfaction of kno\ving that 
a regimen was established with the blessing of the hospital which would 
have been adopted in any case as soon as the babies reached their 
own homes. 

If during this period of life the interval between feeds is four hours 
it follows that there will usually be five feeds in tlie day, thus allowing a 
clear eight-hour gap at night. 

When tlie baby’s motlier is inexperienced and anxious or if the baby 
is being bottle-fed by others who have come new to the responsibility 
there is much to be said for complete regularity in time and intervals 
of the feeds. By tliis means it is ensured that the infant gets enough in 
the day and that his digestive processes and periods of activity and 
rest fall into a kind of rhythm, leading to reasonable well-being. 

Many mothers have an instinctive ability to nurse their babies and, if 
they have it, they may safely be left to judge the quantities to give and 
the times at which they shall be given, whether the baby is fed at the 
breast or on the bottle. This also applies to the limited number of those 
skilled women who have the knack of doing the same when bottle- 


feeding babies on behalf of others. 

4. The method of feeding adopted must be economically possible. 
Those methods which require elaborate apparatus, such as sterilizers 
and refrigerators, costly proprietary ingredients or great time in 
preparation, have no place except in the homes of the wealthy. 

5. The food offered must be digestible. The differences between cow’s 
milk and human milk already enumerated must be minimized. 

In modifying cow’s milk the factors to be considered are the physical 
properties of its protein, the relatively greater amount of protein, the 
relatively smaller amount of sugar and the relatively greater amount of 
mineral matter, in that order of importance. The greatest drawback 
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of cow's milk as a food for young babies is the way its caseinogen 
behaves*during the course of digestion. Not only is tl)cro a large amount 
of it, but in the baby’s stomach it tends to set into a firm, indigestible 
clot. In theory it should be possible to readjust the total and relative 
amounts of caseinogen and lactalbumin. Practically, however, it is too 
tedious to do this as an everyday measure. Consequently it is usual to 
attack the physical properties of the proteins rather than their pro- 
portions so that they form a finer clot in the stomach. According to the 
way in which this is carried out, other additions may have to be made 
to the milk in order to maintain the calorie value. 

Methods of Modifying Cow’s Milk 

(i) Heat. If milk is boiled for five minutes, the caseinogen undergues 
a change which makes it more easily digestible. Some of the protein is 
lost in the “skin” which forms and the total protein content is thereby 
slightly diminished. Similar changes can be brought about by heating 
the milk for a longer period at a lower temperature. In Biidin’s method 
of infant feeding the milk is heated for forty minutes at 212® F. The 
advantages of treating milk by heat are its simplicity, the unaltered 
food value (any loss of protein is counteracted by a loss of water), 
and the fact that the milk is rendered sterile. The disadvantages are the 
change in flavour, the destruction of the antiscorbutic vitamin, and the 
failure to raise the sugar content or diminish the amount of mineral 
matter. This method can be used successfully for feeding many healthy 
babies, providing care is taken to augment the vitamins by other means, 
e.g. orange-juice and cod-liver oil. For weakly infants it is not the 
method of choice. 

(2) Dilution. The object here is to reduce the caseinogen and mineral 
matters in cow's milk, to leave the proportion of fat much as it was, and 
at the same time to increase the amount of sugar. Taking the average 
composition of cow's milk and human milk, and adding one part of 
water to one part of cow’s milk, we get the following comparative 


results: 

Protein 

I [unuin Milk. 

Cow's Milk. 

.V .5 

Cow's Milk ami 
Water, e([u.il 
l>arls, 

> ' 7.5 

Fat 


40 

2 •»> 

Sugar 

f >-5 

4-5 

- 5-^5 

Mineral matter 

. 0-2 

07 

'>•35 


This makes the proportion of protein about right but leaves the sugar 
too low. If now one adds to every 4 oz. of the mixture one mvdium-si/i-d 
teaspoonfulof lactose or cane-sugar pressed flat {4 g.) undone teaspoonfvil 
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of 40 per cent, cream, these defects are rectified (4 ml.), and, e^ept for 
an excess of inorganic substances, the mixture ^vill have approximately 
the same proportion of each ingredient as human milk. 

The proportions of milk, water, sugar, and fat can be altered to suit 
babies at different ages and in varying states of health. Such variations 
on the theme of dilution provide the basis of the so-called “formula 
feeding." Some dairies are prepared to carry out the dilution and 
reconstruction according to prescription and to deliver the milk ready 
modified. 

It is clear that ail the methods of dilution have one defect; although 
they bring down the total amount of protein to the level at which it is 
in liuman milk, they do not influence in any way the relative pro- 
portions of tlie two kinds of protein — cascinogen and lactalbumin. For 
tins reason tlie resulting mixtures must remain more difficult of diges- 
tion and less useful in metabolism than human milk. Various methods 
of getting over this difficulty have been proposed by using whey as a 
diluent, but all such methods are rather troublesome. 

(3) Dried Milk. The water in milk can be removed and the solid 
part left as a powder. This occupies about an eighth of the space of the 
original fluid, so tint if one part of the powder is added to eight of 
w.itor. the milk is reformed with the fat, protein, and carbohydrates 
in tlieir original proportions. In the course of drying, especially if this 
he done by the roller j^rocess, the physical properties of the proteins 
are changed; whi-n the reconstituted milk enters the stomach, the curd 
formed is more finely divided and more digestible than that of fresh 
cow's milk. 1 his constitutes the chief claim of dried milk as a substitute 
feeding for young babies. In addition, it is free from dangerous organ- 
isms, easily handled and contains all tlie vitamins of fresh mUk except 
the \'itamin C. Many manufacturers add vitamins to the milk powder, 
so that in use it has actually a Iiigher proportion of accessory food 
substances than fresli unheated cow’s milk. 

Up to tins point the description of dried milk is easy. Thereafter it 
becomes complicated by the fact that it is just as simple to dry' a milk 
which lias been modified in some way before processing as it is to reduce 
the unaltered milk to a powder. Most manufacturers are an.xious to put 
on the market milk powders which have special qualities and whicli 
consequenth^ can l^e con.siderod to have extra advantages by' those who 
arc sufficiently suggestible. For the present purposes we are concerned 
with the usefulness of straightfonvard dried cow’s milk as an alterna- 
tive food for young babies, and we can leave to a later chapter the 
more complicated variants. 

If these limitations are accepted there are four kinds of dried cow's 
milk for consideration. 

I. Whole Cream Dried MUk. This is marketed by many firms either 



MODIFVING COW’S MILK 

under (heir own names or made by them within tlie specilication of 
National Dried Milk. 

II. Half-Cream Dried Milk. This powder is derived from milk from 
which a moiety of the fat has been removed. The food value is to that 
extent reduced, but owing to the propensity of the fat in dried milk to 
separate out when the powder is made up with water the half-cream 
milks are rather easier to handle and more digestible. The National 
half-cream dried milk and the Cow and Gate special ha!f-crcam dried 
milk belong to this group. 

III. Half-cream dried milk to which sugar has been added to replace 
the food value lost by the removal of half the fat. Ihe majority of 
half-cream dried milks belong to this group. The reconstituted milk has 
an adequate calorie value. The advantage is that results of the poor 
emulsification of fat are minimized and the person responsible for 
making up the feeds has only one powder to deal with. But it is im- 
possible to exclude the added carbohydrate if for any reason this is 
desirable. 

IV. Separated {or Skimmed) Dried Milk. This powder is made from 
cow's milk from which all the fat has been removed. Its food value is 
proportionately reduced so that reconstituted in the proportion of one 
part of the powder to eight of water the caloric value is between lo and 
12 to an ounce, instead of the full cream milk s 20. It is unsatisfactory 
as a food for healthy babies, but it has a very useful place in the 
treatment of some forms of enteritis. Many of the makers of infant foods 
include dried skimmed milk in their range of products. 

In their powder form these milks have roughly the following per- 


centage compositions: 

Protein. 

Fat. 

Carbohydrate. 

I. Full Cream Dried Milk 

27 

27 

37 

11. Half Cream ,, ,, 

HI. Half Cream 

30 

16 

44 

with added sugar 

. 20 

15 

57 

IV. Skimmed Dried Milk . 

35 

1 

53 


These four simple types of dried milk give more than enough scope 
for variation. It might be argued that every requirement for bab>- 
feeding could be met by using either full cream dried milk or separated 
dried milk or a combination of the two in whatever proportions are 
required to diminish the fat. In the instances where a greater or less 
part of separated milk would have been used, sugar can be added within 
the tolerance of the infant to the extent necessary to bring the resulting 
fluid up to the required food value. 

In practice, however, many find it easier to use one single powder in 
which the fat has already been reduced and the sugar and food value 
increased. For them the half-cream dried milks are a convenience. 
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Appended to the following chapter is a list in which some of the 
available dried milks are referred to in somewhat greater detail. In 
general they arc reconstituted by mixing one level measure (supplied 
by the makers) to each ounce of water. Although an attempt has been 
made to indicate their approximate composition, it must be emphasized 
that up-to-date information of this can only be obtained from the 
manufacturers, for there tend to be minor variations in the com- 
position and in the \itamins and minerals salt additions from time to 
time. Individuals often find that one or other of the proprietary dried 
milks is easier to use and seems to offer special advantages. Such a 
conclusion must be left to the experience gained under the conditions 
in which the feeding arrangements have to be made. 

(4) Evaporated Milk. The technique of preserving milk from which 
))art of the water has been removed b}' evaporation has been practised 
on a commercial scale for very nearly a century. The earlier method 
(Borden 1856) depended on the addition of sugar as well as on evapora- 
tion and heating to secure prolonged sterility. In 1883 Meyenburg 
devised a way in which unsweetened evaporated milk can be rendered 
sterile by superheated steam. Both processes are stiU in use. Their 
technical details are complicated but both involve the use of heat to 
a degree which alters the physical properties of the cow’s milk proteins 
in very much the same way as does roller drying and this leads to their 
becoming more easily digestible by a young baby. 

There are in fact three varieties of evaporated or condensed milk 
available on the market: 

{a) Evaporated whole milk. 

{!)) Evaporated sweetened whole milk. 

(c) Evaporated skimmed milk sweetened or unsweetened. 

Only the first of these need concern us here for of the three it is the 
only oneliuitable as a food for the healthy infant. Sweetened condensed 
milk has its uses under special circumstances but normally it contains 
too high a proportion of carbohydrate for balanced feeding of a nurs- 
ling. The absence of fat from the evaporated skimmed milk makes its 
exclusion self-explanatory’. 

The maximum and minimum values of sweetened condensed whole 
milk and evaporated whole milk arc as follows: — Davies^ 



Milk 

Solids 

Fat 

Protein Lactose 

Ash 

Water 

Sucrose 

Condensed 
Whole milk, i 

. 29-.| 

80 

Ti 

11-3 

17 

21*7 

37-6 

sweetened J 

36'6 


9*5 

15*2 

2*2 

32-2 

43-4 

E\aporated 1 

2I'I 

7*3 

5-S 

8-6 

I-I 

68*0 


Whole milk 

32-0 

10*5 

8*5 

1 1 *9 

17 

78*9 



1 Davies, W. L. Chemistry of Milk, London. 1939. 
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It will be seen that there is a considerable range in the concentration 
in different samples of evaporated whole milk. The manufacturers of 
any particular brand wU either state on the tin, or in a brochure on 
request, the average composition of their product. This information is 
essential before any kind of evaporated whole milk is used as an infant 
food. The lack of it or disregard for it in the past has led to the 
relative unpopularity in this country of a method of infant feeding 
which in fact has much to commend it. 

Generally speaking most samples of unsweetened evaporated whole 
milk in this country are nearer one-third than a half the bulk of the 
original milk. Using evaporated milk of this kind and diluting it with 
twice as much water the following approximate percentage composition 
is arrived at: — 


Unsweetened whole cream evapor- 

Eat. 

Protein. 

Carbohydrate. 

ated milk undiluted . 

Diluted with twice its quantity of 

10 

S 

1 1 

water ..... 

3-3 

^■1 

3-7 


The diluted milk has sufficient fat and protein but cotnj-'arod with 
human milk is slightly deficient in sugar and its food value is to th.it 
extent the less. One level teaspoonfiil of sugar (4g.) to each six ounces of 
the diluted milk will remove both defects. Alternatively, a rather loss 
degree of dilution by adding only one-and-a-half parts of water to each 
part of milk will provide the right food value though the distribution 
of components would not approximate so closely to that in breast 
milk. 

From this example it will be clear that a less degree of dilution will 
be needed in the less concentrated samples of evaporated milk. It will 
be clear too from the table on p. 484 that no amount of dilution will ever 
get a sweetened condensed milk to a composition in which there is 
sufficient protein and fat to balance the very'^ large quantity of sugar 
added in the course of its manufacture. 

Evaporated milk has several points of advantage as a method of 
bottle-feeding babies. Not least of these is the satisfactory state of 
emulsion of the fat globules in the reconstituted fluid. With many 
kinds of dried milk, however carefully they are made up with water, 
fat tends to separate off as an oily layer floating on the surface. Thougli 
the bottle be shaken often during the feed there is a likelihood in such 
cases of the baby getting a very high concentration of fat in the last 
few mouthfuls. This sometimes nauseates him and makes him sick. 
The fat in evaporated milk does not separate off in the same way and its 
use avoids this particular difficulty. Evaporated milk being sup]died 
in tins keeps better over long periods than dried milk. It is easier to 
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reconstitute than dried milk. While it requires some little skill to 
measure the right quantity of milk powder, mix it into a smooth paste 
with a little water and then add more water to bring it up to the 
required bulk, even the dimmest-witted individual can open a tin of 
evaporated milk, empty it into a jug and then fill the tin twice more 
witli water and add this to the milk in the jug. 

^^'hoIc-cream unsweetened evaporated milk, efficient as it is for 
bottle feeding, owes its relative unpopularity in this country to two 
main causes. First, it suffers from its kinship to sweetened condensed 
milk. Misuse of the latter has caused much trouble. Even when it was 
given in proper dilution the amount of carbohydrate was too high in 
proportion to the protein and fat {see table, p. 484), and its prolonged 
use led to babies becoming fat and flabby. Worse still, in the hands of the 
ignorant, misinformed or poor it was used sparingly in much too great 
a dilution and the infants who were so treated showed all the defects 
of deprivation of protein and mineral salts. The second cause for the 
partial eclii>se of evaporated milk as a baby food dates back to 1939. 
At the beginning of what was likely to be a long war Government 
authorities had to decide which form of prescr\'ed milk would be the 
least likely in its production, storage and transportation to hinder the 
national effort. The clioice naturally fell on dried milk, partly because 
of its lesser bulk and simpler fonn of packaging. From that time, 
owing to the Government-sponsored National Dried Milk and the 
various subsidies to make it available for the poorest families, milk 
powder became used almost to the complete exclusion of other forms 
of ])reserved milk. It has been suggested here that under normal 
conditions all the advantages for the purpose of infant feeding are not 
with dried milk and that there are some reasons for an occasional 
alt«‘rnative in tljc form of the whole cream evaporated milks. 

(5) AcUUfyin^. The physical properties of the protein can be modified 
in some respects by making the milk acid, although the changes brought 
about are not exactly tlic same as those produced by heat, peptonizing, 
or desiccation. The jiroteins in cow’s milk act when in contact with tlic 
gastric juice as if they were an alkali, immobilizing some or all of the 
hydrochloric acid in the juice. The purpose of adding acid beforehand 
is to exhaust this “buffering” action of the proteins. Incidentally the 
size of the clot formed can be regulated by the manner in which the acid 
is added to the milk and there arc also some more remote effects from 
the acid milk on the type of bacteria inhabiting the intestine. Of the 
man}' possible methods of acidifying milk, two are in common use. In 
one a measured quanlit}’ of milk-souring bacteria is added to the milk 
which is kept at blood lieat in a suitable apparatus (thermos flask or 
incubator) for twelve hours before use. A sm^Ul quantity of this soured 
milk may be used for starling the process in the next lot, though it is 
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well not to caiT>' this process through more tlian five generations before 
starting with a new supply of acidifying bacteria (see p. 602). 

The second, and perhaps simpler, method is the direct addition of 
acid to the milk. To each pint of boiled milk, which has been allowed to 
cool to blood heat (98-4* F.). from 40 to 60 drops of 40 per cent, lactic 
acid arc added drop by drop with constant stirring. In this way a ver>' 
finely divided curd is formed in the milk which is not rendered un- 
palatable. Care must be taken not to heat the milk above 40* C. 
(104° F.) after the acid is added, otherwise a dense curd will form. 
When milk treated in this way encounters the acid gastric juice the 
caseinogen, already curdled, cannot form in the stomach the massive 
curds produced by fresh cow’s milk. 

(6) Peptonizing. The proteins of cow’s milk can be broken down by 
treating the milk with a proteolytic en^ymc. Even when this process 
of breaking doum is carried only a short way the cow’s milk proteins 
become much more readily digestible. Were it not for the almost uni\’er- 
sal availability of dried or evaporated milks which need \'erv little 
preparation before they arc given to the baby, pejitonizing would enjoy 
considerably greater popularity than is now the case. Even so, there is 
still scope for its use specially for tliose infants returning to a full diet 
after a severe digestive disturbance. 

Partial peptonizing can be used with advantage in the c.ise of 
infants whose stomachs have a greater dithculty than usual in dealing 
with cow’s caseinogen. It can be conveniently carried out b\- means of 
Fairchild's Peptogcnic Milk-powder (p. 612). Each measure of the 
powder contains the ferment required to digest a certain quantity of 
milk, along w’ith some bicarbonate of soda, which renders the milk 
slightly alkaline, and enough milk-sugar to raise that ingredient to the 
proportion found in mother’s milk. 

By following the directions supplied with the powder, the process of 
digestion is only carried so far as partially to change the caseinogen of 
the milk, sufficient to ]>revent its clotting, but not enough to absolve 
the stomach from all further labour. Thus, digestion is rendered easy 


without the stomach's 

being demoralized. 

Chittenden anahsed th 

resulting mixture, and compared it with human milk as follows: 

Milk prepared by 

Hiitnan Milk. Peptogcnic Millc-powdei 

Specific gravity 

1031 

1032 

Water 

867 

86-0 

Protein 

2-0 

2 ‘OC) 

Fat 

41 


Sugar 

6*9 

7-20 

Mineral matter 

. 0*2 

0*2() 

Total solifis 

13*2 

13-0 

pcaction 

. Alkaline. 

AlkaliiK*. 
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It \vill be observed that the two fluids are almost identical in com- 
position. Milk prepared by this method does not clot with rennet, even 
in the presence of a considerable amount of acid. 

Citrating. It is a popular practice to add one grain of citrate of soda 
to each ounce of cow’s milk in an attempt to soften the clot formed by 
the casein. The citrate is reputed to act by precipitating some of the 
calcium which in turn is supposed to modify the coagulation of the 
I)rotein. There does not seem to be any experimental e\ddence that 
anything of the sort happens. Doubts both as to the efficacy and the 
explanation of this procedure are increased by the fact that some of its 
practitioners add lime water as well as sodium citrate which must 
seriously add to the latter’s task in dealing wth the calcium in the 
milk. 

In conclusion, it is clear from what has been set out above that there 
arc several ways of providing a substitute for human milk. From the 
fact that there are so many one may safely assume that no one of them 
is ideal. They should be used only under the pressure of necessity. The 
home conditions of the baby and the amount of time and money that 
cai\ be spent in preparing his food, will play a part in deciding the most 
suitable form to use in each instance. The substitute for human milk 
may be expected to give him a reasonable chance of survival, but it 
must be remembered that it remains at best a poor second to his natural 
food. 




PRINCIPLES OF FEEDING IN INFANCY {continued). 
TRANSITIONAL FEEDING: SOME PROPRIETARY FOODS 


The transition from a diet wholly of niilk, whether human or cow's 
milk, to the varied diet of children and adults, takes ]>!ace in several 
stages. These overlap in time, and, to some extcuit. fashion rather than 
reason dictates the point in the baby’s life at which each shall be 
introduced. It has already been suggested that milk alone should form 
the staple diet for the first four months of life and that usually it 
should not be the predominant food after the ago of nine months. 
There is a considerable period between the two ages in whicli there is 
scope for individual variation in practice and in which from time to 
time one method or another seems to confer special benefits. 

The first phase in the change from a wholly milk diet is directed not 
so much at introducing more food as at accustoming the baby to new 
flavours and new consistencies of the substance put in his mouth. 
Anyone who has had to wean an Infant who for eight or nine months 
has had nothing but milk w’ill realize that there is no fornt of con- 
servatism so stubborn as his attitude to what he regards as the only 
possible food. Anything with a different flavour or different feel to tlie 
mouth is spat out with a good deal of vigour. 

There is, therefore, much to be said for starting at an even tenderer 
age to get him used to other ways. If at the end of the fourth month of 
his life a supplement to one of his feeds is devised this should have 
certain characteristics besides its variety. It should be finely divided 
for he cannot chew; it should be in a form rather thicker than milk but 
not so stiff that he cannot deal with it by the sucking movements of 
his mouth before he swallows it and, because until the age of six montlis 
the starch splitting ferments of the infant’s digestive tracts are not in 
full working order, unsplit starch should not predominate in the 
additional feed. Sieved green or root vegetables made up with gravy 
from cooked meat fulfil most of these requirements. As time goes on 
yolk of egg or the scrapings made from cooked meat with a blunt or 
serrated knife, can be incorporated. By this means a second u.seful 
purpose may be served besides that of widening the baby's experience 
of food. The sieved vegetables add to his mineral, and to some extent 
of his vitamin intake. Ihe gravy and even more the yolk of egg or 
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scraped meat make a useful supplement of iron in which both human 
and cow's milk are deficient. 

Providing the constituents of these educative foods are well cooked 
and well sieved no great elaboration is needed in their preparation. 
Some of the recipes for the preparation of, say, bone and vegetable 
broth involve the expenditure of time and fuel out of all proportion to 
tlie value of the resulting product which, besides containing a protein 
of no great nutritive value, gives very much the same minerals as the 
sinijdcr prei>arations. 

^iany firnis‘ sell ready-prepared \’egetable purees in small tins 
suflicient each for a single feed. In the course of their manufacture the 
constituents are reduced to a sufficiently fine state and they form a 
convenient and safe way of carrying out this part of the infant’s educa- 
tion. Simplicity of use apart, they have no advantages over the home- 
made products. 

A second phase in the transition is the introduction of starch as a 
source of food. Two purposes are thereby served. The baby’s digestion 
is familiarized with whnt will henceforward be one of the staple in- 
gredients of his diet, and, at the same time, his form of food becomes 
thicker so tliat in a short while it is so stiff that it must be eaten with a 
spoon rather than drunk from a bottle or cup. This stage in his progress 
siiould be deferred \intil it is certain that he is able to break down the 
ivlati\ ely complex starches to the simpler dextrins and sugars. Ptyalin 
is present in saliva from birth but as tlie infant does little chewing 
salivary digestion of starch at first plays little part. The full secretion 
of amylase in pancreatic juice is reached by the sixth month and it is 
from this time onwards that starch can be substituted for dextrin and 
sugar as a form of carboliydrate. 

The introduction of starch to a bottle-fed baby is relatively simple. 
To first one and then a second and tlien a tliird milk feed is added a 
small amount of one of the easily prepared starchy infant foods. It is 
easy to do this if the baby has learnt to take unmodified liquid cows’ 
milk, but there are also many forms of dried milk foods in which the 
starch is incorporated and tliese can be \iscd with advantage for those 
whose food has hitherto been dried milk. In the case of breast-fed 
babies, the start of a thickened feed must be anticipated for a short 
time bv the substitution (>f a bottle-feed of sterile and sweetened cows' 
milk for one of the breast feeds. From then on the sequence is the same 
as for a bottle-fed infant. 

Baby foods suitable for the introduction of starch at this stage fall 
into two major groups. First (VI) those in which the more complicated 
carboliydrate has been incorjioratcd with a milk powder, and secondly 
(\ I1) those which are really forms of prepared starch ready to be added 

' Iiu lnding Messrs. Heinz. Libby, Nestles, and Scutts Strained Foods. 



PROPRIETARY FOODS FOR INFANTS 4'-i 

to liquid cows’ milk. The second group can be furtlur sub-di\ idcd on 
the basis of the degree of preparation. Some need fairly }>rolongcd 
cooking with the milk. Jn others the granules are already broken open 
and need only mixing and warming with the milk. The dilforence is 
roughly the same as that between making pnqxr porridge an<l pre- 
paring the kind that can be got ready between waking and breakfast 
time. 

In the table at the end of this chapter are examples of both main 
types of cereal food, with an indication of their composition, and it u ill 
be seen that the two groups roughly conform with the following figtires: 


Protein. 
Per Cent. 

VI. Dried milk with added 

cereal . 20 

VII. Cereal for addition to 

liquid milk . 10 


Fat. CarlK)Ii\clrate 
Per Cent. Portent 


15 00 

» 


Tliere is naturally a much greater variation in these jireparations 
than is the case with the dried milks referred to in the previous cli.ipter. 
Tills is fortunate in that it gives an opportunity of selection to suit 
individual households and it leaves wide scope for change^ in lla\ our> 
and constituencies for each babj'. 

There are, it will be observed, includetl in the appi-nded table a gre.ip 


of infant foods (V) to which no reference has hitherto been maile. 1 lu \' 
consist for the most part of dried milks, either whole cream or defatted, 
which have been modified for special purposes, io some of them 
substances such as iron or lactic acid have been added. In oth< rs the 
proportions of protein or carbolijalrates have been altered a-- well .i- 
those of fat. For the most part they are designed for special therapeiitie 
purposes and, therefore, do not enter into the present con-uleration. but 
they include among them infant foods in which modifuMtioii has bieii 
carried out in the proteins beyond that involved in drying and which, 
therefore, liave frequent uses. 

Yet another phase in the progress from infant to adult feetiing is liu' 
acquisition of the art of mastication. A baby learns to go through the 
motions of chewing long before he has any back teeth with uhieh to 
chew. He will practise this achievement on a variety of objeet>. many of 
them very unsuitable. At some stage it is wi-ll that he sliouid come to 
understand that mastication is normally associated with nu al-times 
and that there arc some substances which, with suftieii-nt persev erance, 
can be relied on to produce results. Ho cannot make full use of this art 
until he has cut a reasonable number of teeth at someubere betwnii 


the ninth and fifteenth months of his life. Nevertheless lie ^houUl lie 
given his earlier lessons before this in the form of luird-baked crusts. 
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rusks and similar relative!}' safe, slowly disniptible food. The pre- 
requisites are that whatever is used shall be too large to be swallowed 
as a whole, that it shall disintegrate slowly into a soft mass which he 
can swallow without choking, and that what he does swallow shall be 
digestible. There is much to be said for the hard-baked finger of biscuit 
with a tape threaded through one end. By this means it can be secured 
from being thrown too often on the floor, and by the same tape it can 
be hauled back from the infant’s gullet if he sees fit to swallow the last 
part whole. 

With the appearance of his back teeth chewdng can become a much 
more regularized procedure associated with mealtimes, and, at the 
same time, a much wider range of foodstuffs can be offered. 

The final phase in the transition towards a full diet occupies the time 
Ix'tweon nine months and the complete eruption of baby teeth. If at 
the age of eight or nine months an infant has acquired a fairly catholic 
taste in flavours and constituencies, if by then he is on three thickened 
feeds a day and two drinks of milk, if he has had some practice in the 
art of chewing, the final transition to sharing the family's meals is ver}' 
largely a matter of commonsen.se. Three principles have to be borne 
in mind. 

First, until he luis most of his teeth, food must not be too difficult 
to masticate; although scraped meat and pounded fish may not be 
necessai}- it is still desirable first to mince and later to cut up finely the 
meat before it is offered to him. The same applies to vegetables, al- 
though they need no longer be sieved they should be cooked until they 
are soft and to some e.\tcnt broken up. Broad and butter and such 
substances as sponge fingers do not offer the same difficulties. 

Sccondl}’, in spite of his wider range of foodstuffs, he must continue 
to have an adequate intake of mineral salts. This can best be supplied 
as cow’s milk and whatever the varietv of his diet for the first three or 

to 

lour years of his life, between a pint and a pint and a half of cow’s milk 
should be included either as a straight drink or used in preparing other 
items in his food. 

1 hirdly, there must be adequate supply of first-class protein. Healthy 
cliildren can be left very much on their own devices in deciding on the 
amount they want to eat in the day but this must include enough pro- 
tein for healthy growth. Towards the end of the bottle-fed period an 
infant is taking alwut 4 g. of first-class protein for each kilogram of his 
body weight. As the rate of growth slows down between the first and 
second }‘car this high requirement diminishes but during the whole of 
chiklliood it iH*ver falls below 2 g. per kg. The requirement increases 
again between ten and sixteen \ rars, during the second period of rapid 
growth. Protein has been emphasized because to find the right type, 
and milk supplies much of it, may be financially difficult. If the minima 
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referred to above are supplied, the same weight of fat is desirable but 
it is not as essential and the rest of the infant's food requirements can 
be made up of carbohydrate. With these principles in mind a ver>' large 
discretion can be left to the child's appetite and taste and to the 
circumstances in which he and his family are placed. 

It will be found that to many infants and young children, who are 
otherwise quite healthy and normal, some flavours are distasteful. 
Substances containing these flavours should not be forced on the child. 
Often they will acquire a taste for them in later life. Other children 
suffering from a constitutional disability are found to be sensitive to 
some special food substances. Sensitivity may show itself in skin 
eruptions, attacks of vomiting, or even attacks of asthma. Obviously 
parents of such children will be selective in the choice of food. W’e are 
not concerned here with the child who uses a refusal to cat as a weapon 
in dealing with an environment that he finds hostile. 

The final stage in this transition to mi.xed feeding shared with the 
rest of the household should be as far as possible free from fads and at 
the same time meeting the appetite and the tastes of the indiviflual 
child. 
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CHAPTER XXI 


THE PRINCIPLES OF FEEDING IN DISEASE 

In this and the succeeding chapter we shall consider the use of food 
as a therapeutic agent in the treatment of the sick. In dealing with 
this part of the subject, it will be well to confine our attention as far as 
possible to the discussion of principles, and to avoid those detailed 
instructions for the dietetic management of particular cases which 
find their appropriate place in text-books of therapeutics. If the 
general principles involved are once fairly grasped, the knowledge w’e 
liave already acquired as to the composition and uses of different foods 
should be sufficient to guide us in drawing up a dietary suited to any 
ordinary' case of illness. Nor can one deal in such a book as this with 
the methods of preparing food for the sick, or invalid cooker5^ no matter 
how important some acquaintance with that art must always be to the 
].'ractical physician. 

In deciding upon the dietetic management of any case of disease 
it is important to bear in mind, what is often forgotten, that a patient 
is not a mere bundle of separate organs, but an organic whole, and that 
the diet must often be directed to the needs of the man rather than to 
those of his malady. The e\dl results of a forgetfulness of this fact are 
often seen. A patient’s general nutrition may become seriously im- 
l>aired, for instance, through well-intentioned efforts to lighten the 
labours of his stomach. Thus it was realized only in 19361 that 
main- of the diets used in the treatment of gastric disorders are either 
wholly deficient, or contain a minimum, of ascorbic acid. Patients who 
have had these diets for some time are in the subscur\T state as showm 
by the amount of ascorbic acid the}' assimilate before the excess is 
cxcreteil in the urine (see p. 1.^7). The important factor of idios}Ticrasy'___^^^ 
must also be borne in mind, and full recognition made of the fact that 
different individuals react different!}- to the same diet just as they do 
to the same drugs. Nor must it be supposed, as the laity are apparently 
tempted to do, that diet is a universal panacea which can be counted 
upon to prevent or to cure all diseases. On the contrar}', it has, like 
other remedial agents, only a limited place in therapeutics, and the 
few diseases which specially lend themselves to dietetic treatment may 


1 \RriirR. H. E., and Grah.\m. G. (1936). Lancet. 1, 364. 
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be divided into the following groups: (i) Fevers an<l burns: (2j dis- 
orders of metabolism, e.g. diabetes, obesit)-, gout; (j) .iflcctions of tlie 
stomach and bowels; (4) disorders of the circulation and blood; 151 
diseases of the organs of excretion. 

But before one passes to the separate consideratirin of these groups, 
it is advisable to point out a few practical rules whieli should .dw.iys 
be present in one’s mind in drawing up any scheme of diet for a patient. 
They are these: 

1. A special plan of diet must be drawm up and the foods which 
are forbidden must be specified. In a few cases, only the latter need 
be mentioned. 

The next two rules arc corollaries to the first. 

2. Before recommending any food it is well to ascertain whether the 
patient likes it, and how' it agrees with him. 

3. A food should not be forbidden unless there is a good reason for 
so doing. 

4. Unless there is some strong contra-indication, attention should 
ahvays be paid to the wishes and tastes of the patieiu. This rule was 
first formulated by Hippocrates.jn the aj>horism. "Such food as is most 
grateful, though not so wholesome, is to be preferred to tluit winch is 
better, but distasteful"; ^nd Sydenham recognized its value when he 
wrote: "More importance is to be attached to the desires and feelings 
of the patient, provided they are not excessive or dangerous, than to 


doubtful and fallacious rules of medical art." 

5. If food disagrees, it shouUl be deleted fr<>nt the diet.iry anil l.iter 
on given in small amounts. If this is well tolerated the (juantity taken 
can bo increased. 

6. Changes of diet should, if possible, be made gradualK-. 

7. A diet should never be prescribed for a patient without liaving 
first ascertained what his habits are jis regards work and exercise. 

These rules require no comment. 


I. Principles of Diet in Fever and Burns 

There are few dcparlnieiits of practical medicine in which opinion 
has undergone a greater revolution than in the question of fever diet.i 
Hippocrates fed his fever cases simply upon wane and "ptisan," or 
thin barley gruel, and this lowering plan, first practised for centuries 
on the sole weight of his authority, was aftcrw'ards endorsed by the 
erroneous pathological doctrine first promulgated by*”Broussais, that 
fevers proceeded from irritation of the intestinal mucous membrane, 
and therefore demanded a starvation diet. His contemporary. Brown. 

1 For a full account of the history of the sul>ject, sec J (JS77), 

Die Dial in den Acxtt-fuberhajten KrankheiUn. 
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though perhaps not much nearer the truth in liis pathology, was better 
advised in his practice when he taught that fevers were “a sthenic” 
diseases, and required to be treated by liberal feeding. It was not until 
about the middle of the nineteenth century, however, that Graves, 
discarding all pathological doctrines, and guided simply by the results 
of observation, came to the conclusion that the popular starvation 
method was \vrong, and introduced the modem practice, ever since 
adopted, of ''feeding fevers.” 

The prevailing system at the present time may be fairly described 
as that of feeding a fever patient up to the limits of his digestive 
capacity with fluid or semi-fluid food, except, perhaps, in the case of 
some abdominal conditions. The reaction against starvation diets, in 
the opinion of some physicians, has gone too far, while others are of the 
opinion that even now insufficient amounts of food are given. 

Any lingering doubts as to the wisdom of the feeding plan tend to be 
dispelled by the restilts of researches which have sho\vn (i) that the 
free administration of food does not, as was formerly supposed, raise 
the temperature of feverish patients; and {2) that the absorption of 
light articles of diet, at any rate, goes on as perfectly in the febrile as 
in tlie non-febrilc state. 

It has been shown that a great increase of metabolism occurs during 
fe\Tr and Coleman and Du Bois^ found in cases of typhoid fever that 
the basal heat formation rises and falls in a curve roughly parallel with 
tlic temperature, and at the height of the fever is 40-50 per cent, above 
the normal. It lias only recently been realized that a great increase in 
metabolism occurs when a patient has been burnt over a large area 
and that a high protein and high calorie diet is necessary for a quick 

recovery. 

It is important to consider how the caloric requirements are supplied. 
If a healthy patient is starved the fat and protein of the body supply 
the bulk of the Calories which are produced. Thus Benedicts estimated 
the metabolism of a starving healthy man, and thcTiv’erage^figure for 
seven days showed that i6go Calories were used per day and these 
were supplied by I30'S g. of fat, 69*5 g. of protein, and only 23*6 g. 
of carbohydrate. The chief loss of w'eight is due to the consumption of 
fat, though the weakness of the muscles attracts especial attention to 
the destruction of protein. In the seven days of the fast 486*5 g. of 
protein were used, whicli must have come from the muscles; this 
figure multiplied by 4*8 gives the weight of flesh lost, i.e. 2*33 kg.= 

5 *12 lb. The loss of muscle is well shown by F. von Muller's experiment. 
He gave a patient a diet of 1000 Calories containing 51*8 g. protein 
(8-29 g. nitrogen). The patient lost on balance 86-4 g. of nitrogen in 8 

* Coleman, W., and Du Bois, E. F. (1015). Arc/i. hit. Med., 15, SS7. 

- Oit. GRAtiAM Lusk. (19^$), Science of Nutrition, Fourth edition. 98. 
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days and this is equivalent to a loss of 540 g. of protein or 2-59 kg. of 
flesh (57 lb.). 


Metabolism of S.A.B. during a Seve.n-day Fast 

(after Benedict). 


Day. 

1 

, Oratnmes. 


1 Caiorict. 



1 

n.Q. 

1 Urine. 

Pro- 

tein. 

Fat. 

Clyco 

geo. 

Calcu* 

iated 

irom 

Metabol- 

ism. 

Directly 

Deter- 

mined. 

Per 

Kg. 

1 

Per 

S^.M. 

1 

Ratio 

i K:S. 

1 

• 

Ratio 

1 . 

73*4 

126*4 

64*9 1 

1706 

1765 

20 7 

941 

•:$ 

10 0 1 


S . 

74*7 

147*3 

33*1 

1790 

1768 

20 9 

946 

•75 

18*6 

5*5** 

a . 

7S-1 

1530 

3*4 

1783 

1707 

30 8 

969 

•74 

' 

6-34 

4 . 

69*8 

144*7 

23*3 

1734 

1775 

30*$ 

966 

*75 

ic*n 1 

i le'A 

0 . 

63*9 

144*7 

S*2 

1636 

1640 

29*0 

903 

•74 

10*26 

1 5*23 

C . 

64*4 

129*8 

21*7 

1547 

1553 

27*5 

856 

•75 

16*27 

519 

7 . 

60*8 

133*5 

18*7 

1546 

1568 

28*0 

669 

71 

16*28 


AveraKc 

69*5 

130*8 

1 23'6 

1691 

1 ifidf. 

29*3 I 

923 

1 *75 

l_17jS 

1 5 ;y 


The work of Shaffer and Coleman,’ and Coleman and Du Bois.^ on 
the metabolism of typhoid fever, has shown that tlie average meta- 
bolism of a patient with typhoid fever is 40 Calories per kg., or 2400 
for a man of 65 kg. {10 stone 3 lb.). They found that the basal meta- 
bolism might be increased by 40-50 per cent, when the temperature 
was 104® F. (8 per cent, for each degree Fahrenheit). A healthy man 
was easily kept on a nitrogenous equilibrium on this number of Calories, 
but the typhoid patient required 52-80 Calories per kg. (3600-5000). It 
is difficult to understand what happens to this great excess of Calories. 
Coleman and Du Bois showed that the protein, fat, and carbohydrate 
were perfectly digested and absorbed and that some fat might be 
deposited in the tissues, although protein loss was continued. They 
also found that the specific dynamic action of protein was much re- 
duced or even absent. The great disturbance in metabolism is believed 
to be due to the action of toxin and not to the actual height of the 
temperature, since Graham an<l Poulton^ showed that destruction of 
proteins did not occur although the temperature, which was artificially 
raised, was above 39® C. (102® F.) — for 2-33 hrs. in four experiments. 

\The principles of dietetic treatment in fever are (i) to give an 
adequate amount of protein, 75-87*5 g. of protein (12-14 6- nitrogen), 
yielding 307-350 Calorics, is considered to be sufficient; (2) to give a 
high caloric value up to 80 Calorics per kg. (5200 Calories for a man of 
65 kg.). The carbohydrate should provide from 56-60 per cent, of the 
total, i.c. 2900-3100 Calories, leaving 1800-2000 Calories to be supjdieil 
by the combustion of 194-215 g. of fat. The protein is best given in the 

• Sjiaffer, P. a., and Coleman, W. (1909). Arch. Int. Med.. 4, 5^S. 

2 Coleman, W., and Du Bois, E. F. (1915). Arch. hit. Med.. 15, ^7. 

3 Graham. G., and Poulton, E. P. (1912-13). Quart, four. Med.. 6. .s>, 
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form of milk and eggs: 3 pints milk=i68o ml. supply 60 g., and 3 eggs 
supply 177 g. The carbohydrate may be given in the form of sugar, and 
lactose is usually preferred to glucose as it is less sweet, but some 
patients dislike it. The sugar is usually added to the milk, but may be 
given in the juice of oranges, lemons, grape-fruit, or pineapple, accord- 
ing to the patient’s taste, as a change of flavour is often of great assist- 
ance. The milk may be flavoured with tea. coffee, or cocoa, or mixed 
with meat extracts. Additional carbohydrate can be given in the form 
of puddings made with rice or semolina, mashed potatoes and gravy, 
and oatmeal, or the proprietary' foods like Bengcr’s or Farex. The 
extra fat should be given in the form of cream; 300-400 ml.'bf^O per 
cent, cream. The feeds should be given tw'o-hourly by day and four- 
hourly by night. An estimation of the total nitrogen excreted in the 
urine and stools in the 24 hours is of great value if the protein intake is 
known. Since if the protein of the diet is 91 -8 g. the nitrogen in the 
urine and stools should not exceed 147 g. If more than this amount is 
excreted the patient is not in nitrogenous equilibrium and the calorie 
value of the diet should be increased by the addition of sufficient 
carbohydrate and fat to achieve the equilibrium. 

When this high Calorie diet is used a careful watch must be kept on 
the stools for signs of undigested material, and if these appear, the 
amount of food should be reduced, and in some cases very considerably. 
We liavo taken typhoid fever as our type, but the same principles 
apply to other fevers and to patients w'ith severe bums or extensive 
wounds, and the convalescence from these w’ould be much shorter if 
more food were given. A patient with influenza often has little appetite 
and does not w-ant to cat meat or fish, but eggs lightly boiled, poached 
or buttered are usually acceptable. Raw eggs beaten up in milk are 
easily swallowed but are not so easily digested as cooked eggs. Milk 
flavoured with coffee or other agents is acceptable and 200-400 g. of 
sugar can be added to lemon or orange drinks, and thus raise the Calorie 
value considerably. Even inashort fever at least 2000 Calories should be 
given if possible and in a long one this should be increased to over 3000. 
Fish and meat should be gi\’on as soon as the patient's appetite returns, 
hut in rheumatic fever, meat and meat extracts should not be given. 

The use of alcohol in fevers is an important matter wdiich calls for 
some special discussion. Hippocrates thought wine was of value in 
fever, and since his time it has been pretty generally employed. Stokes 
of Dublin laid down certain imperative indications for its use, and his 
colleague Graves devoted one of his clinical lectures to a consideration 
of the place which it should take in the general treatment of fever. The 
advantages of alcohol, however, w'crc insisted upon more strongly bj' 
Todd,' about the middle of the nineteenth century, than by any 
* Clinical Leclnres on Ccrlain Acute Diseases. London, iS6o. Pago 438. 
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High Calorie Diet for Tvphoid Fever 
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i 

1-5 

35 

336 






I 1324-5 


m 

343 t 


b*oU , — If It IS found that tJic nitrogen excreted in the urine and stools is more than 
«4 *7 the patient H using up hU Itody proteins Ihjcausc the caloric value is insurVicicnt. 
If such is the case extra sugar and fat should be added to tlic diet. 
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preceding English author. By the end of the nineteenth century the 
administration of brandy had become a routine treatment, and i, 2 
or 3 oz. were given ever}' four hours to most of the ill patients and even 
to young children. Since then opinions about the use of alcohol in 
disease have altered considerabl3\ 

Alcohol was strongly recommended for the following conditions: 

(i) Failing circulation, as exhibited (i) in a persistently rapid pulse 
(120 or more), or if it be weak, irregular, unequal, or dicrotic; (ii) by 
a faint or inaudible first sound of the heart. ^ 

It is difficult to understand how alcohol can be of much value in 
any of these conditions. Higgins showed that alcohol causes a slight 
quickening of the pulse rate and that this may last for thirty minutes. 
This quickening suggested that the myocardium was definitely stimu- 
lated by the alcohol, and Dixon, working on the isolated rabbit heart, 
observed a slight stimulant action. Tliis is denied b}' other workers, 
and would in any case be of little value. The blood pressure does not 
rise after alcohol because it has no direct stimulant action on the vaso- 
motor centre, but if the amount taken is sufficient to cause excitement 
the blood pressure may rise. Alcohol produces a change in the distribu- 
tion of the blood since the skin becomes red and flushed. This increased 
blood supply to the skin would cause a greater pulsation in the radial 
artery, and would suggest that alcohol was a cardiac stimulant. 

These considerations suggest that no reliance should be placed on 
alcohol for the treatment of cardiac affections. 

{2) Nerx ous exhaustion, as manifested by sleeplessness, low delirium, 
and tremors. Alcohol has a depressing effect on the higher centres of the 
brain. The depression which results therefrom is often of value in aiding 
sk i jt as the patient becomes more tolerant of his troubles. If the patient 
is unaccustomed to alcohol, .\ or i oz. of whisky may be sufficient to 
i nsiire sleep, but if he habitually takes 4-6 oz. at bed time, smaller 
amounts will be valueless. A low delirium and tremors would probabl}’ 
hi' made worse bj’ alcohol. 

(3) Failure of digestive-power, as indicated bj' inability to take food, 
and diarrlicea. Alcohol is often taken by patients who suffer from in- 
digestion as they are thereby enabled to cat their meals better. This is 
a bad practice as the patient is thereby induced to eat food which his 
stomach cannot tolerate and is better without. Further, alcohol by 
itself tends to cause a gastritis and so intensifies the damage already 
done to the stomach. It has no effect in checking diarrhoea. 

(4) High temperature, especially if persistent. Alcohol is of some 
value in lowering the temperature as it dilates the peripheral vessels 
and therefore causes an increased loss of heat. It is now recognized 
that the fex’cr is often beneficial to the patient and (unless the patient 

1 Stokes. (1839), Dublin Med. Jotirn. (ist series), 15, i. 
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is in danger of developing a hyperpyrexia, i.e. a temperature rising 
rapidly to 108°) alcohol should not be used for this purpose. 

(5) A bad general condition — e.g. in feeble, exhausted, elderly, or 
alcoholic subjects. Alcohol is frequently given under these conditions 
and may induce the patient to take food which he would not other\vise 
do. It should not be pressed on patients if they dislike it, as its real 
value is very small. It is often necessarj^ to give it to patients who feel 
miserable or who cannot sleep without any alcohol, but it should only 
be given in small amounts. If a patient cannot eat his meals without 
alcohol it is probable that some definite lesion of the stomach is present 
and the patient should be examined from this point of Wew. 

(6) As a food. Alcohol has a high Calorie value as i gramme yields 
7 Calories. It is, however, burnt very slowly in the body, only 10 ml. 
(8 g.) of absolute alcohol can be oxidized an hour and these yield 56 
Calories. This amount is given by § oz. of brandy, 45 j>er cent.; or ij oz. 
of whisky (post-war) 20-25 per cent. The maximum amount of brandy 
which could be oxidized in twenty-four hours is thus 16 oz. (whisky 
32 oz.) and would contain 192 g. of absolute alcohol. This amount of 
alcohol would yield 1344 Calories. A patient, who was unaccustomed to 
alcohol, would be made very drunk, although a seasoned toper might be 
unaffected. It is probable that 1 oz. of brandy every four hours by day 
and once in the night (i.e. 5 doses) is as much as most patients can 
stand, though double or treble the dose »ised to be given. This would 
give 36 g. in the day and 252 Calories. This number of Calories is 
supplied by 61 g. of sugar and is better tolerated by all patients unless 
they habitually take large amounts of alcohol. It must be remembered 
that all the alcohol is not burnt, for some of it is excreted in the urine 
or breath and is thus lost. 

The Kind of Alcohol. Some authorities have laid great stress on the 
types of alcohol used. They believe that a preparation rich in volatile 
esters like genuine cognac is much better than ordinary brandy or 
whisky, but there is no pharmacological evidence that this is the case. 
A good dry champagne has been recommended in the treatment of 
vomiting and was formerly much used. 

The views about alcohol are those, which we have formed from the 
consideration of the physiological evidence and of the medical experi- 
ence of one of us, but we thought it desirable to consider the current 
practice as shown by the amount of wines and spirits ordered in eight 
different hospitals. 

The table shows the cost of the wines and spirits at nine hospitals 
in London and big towns, and is the actual cost in the years 1903, 1908, 
etc. The number of beds shown is the figure for 1938, and in many cases 
is greater than it was in 1903, and in one case (H) is nearly double, 
owing to the presence of many patients with cancer. The price of 
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Cost of Alcohol consumed at Nine Hospitals 


Hosp* 

ital. 

1 

No. of Beds 
' in 1938. 

X903 

1908 

£ 

1913 

£ 

X9I8 

£ 

T 

CD 

19^33 

Iri 

1953 

£ 

A ! 

670 

717 

559 

' 323 

483 

644 

j 281 

72 

26 1 

1 II 3 

B i 

300 

77 

43 

31 

86 

182 1 

115 

55 

51 i 

i 63 

C 

i 073 

i 

48 1 

28 

XX 2 

172 

180 

82 

73 : 

i ”3 j 

D 

649 

368 

133 

238 

276 

308 

174 

i 123 ! 

102 

f 

H 

849 

545 

298 

143 

381 

519 

398 

168 

125 

371 

V 

476 

246 

79 

70 

60 

164 

149 

205 

182 

294 

G 

436 

1 

— 

_ 


484 

345 

424 

289 

140 

II 

601 

224 

97 

88 ' 

205 

522 : 

438 

297 

332 

464 

I 

643 

1 

1 



136 

1 

1 

294 

252 

272 

1 

316 

374 

901 


alcohol was much greater in the years immediately after the 1914-18 
war than it was before then, and in 1953 is two and a half times as 
much as it was in 1938. The results are uneven and reflect the different 
opinions and customs in the different hospitals. It is clear, however, 
that a big change has taken place and that alcohol is regarded as of 
much less value than in 1923. In one hospital which contains many 
patients dying of cancer, the consumption of alcohol increased in 1923 
to /J522. but is now £464, although the cost of alcohol is so much 
greater. 

On the whole, the figures for the hospitals are in agreement with the 
views we liave set out. 

The figures for the different kinds of alcohol used in hospital A in 
1903 and the succeeding years are showm on page 507. The consumption 
of these is still considerable and has increased in recent years. At one 
large hospital it was £60 in 193S but was £‘660 in 1953. It does not seem 
to be prescribed for medicinal purposes but rather as a beverage, and 
an aid to sleep and for those patients wlio have been accustomed to 
drink a good deal of beer and are miserable without it. 


2. Disorders of Metabolism 

The Dietetic Treatment of Diabetes Mellitus 

The change which has taken place in the dietetic treatment of 
diabetes mellitus since this book was first published in 1900 is very 
remarkable. At that time the patients were given a diet containing 
100-150 g. of protein, 250 g. or more of fat and very little carbohydrate. 
The protein of the diet was high because of the different so-called 
diabetic foods which were eaten. The best of these contained no carbo- 
hydrate at all, though in many of them the carbohydrate was little 
reduced. The former were unpalatable whereas the latter were less so, 
in proportion as they contained more carbohydrate. 
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Nowadays the amount of protein is about i g. per kg. g. per lb.) 
body weight; the fat has been reduced to 100 g. or less while the 
carbohydrate has been increased to a minimum of 100 g. for elderly 
people who refuse insulin arid is usually 150-200 g. and may be up to 
300 g. for young active people. 

These striking changes 1 have been brought about by the discovery of 
insulin by Banting and Best* in 1922. 

The problem of treating a patient with diabetes is still not an easy 
one as patients of all ages develop the disease and have very different 
dietetic requirements. Few doubt that the general health of ^ patients 
is benefited by the giving of insulin and a well-balanced diet, but many 
older patients refuse to have it. If they are fat, diet alone may be tried 
with advantage, but if they are thin, insulin should always be recom- 
mended. It is therefore necessary to consider other forms of treatment. 

The Under-nutrition Diet. TWs consists of giving a diet of very 
little food value, i.e. tea, coffee, with a little milk, gravy soup, lemonade, 
and plenty of water. The fast used to be maintained until the glycosuria 
disappeared, but nowadays is usually broken after one or two days, 
irrespective of whether the glycosuria has gone or not. The diet used to 
be increased gradually so that 10 days might elapse before it contained 
100 grammes of carbohydrate. Now'adays a diet containing this amount 
is often given at once. 

The diet is usually chosen in an arbitrary manner, but it can be 
calculated in the following manner and is then called a maintenance 
diet as it is sufl^cient for the basal needs of the body. 

The figures for the basal needs of young children and adolescents are 
given in a table (p. 46). Those for adults are obtained from the Boothby 
and Sandiford nomograph, p. 46. An approximate result can be 
obtained by multiplying the patient’s w'eight by ii‘3. Thus an adult 
who weighs 132 Ib. will require 132 x 11 ‘3=1491 Calories for his basal 
needs, and this is divided between the protein, carbohydrate, and fat 
in the following way: 

The amount of protein is first settled. 

An adult requires about 0'5 g. of protein per i lb. of body-weight 
A child of 12.. .. i-og. .. I lb. ,. 

.. .» b ,, ,, 1*5 g. ,, ,, I lb. ,, ,, „ 

.. .. 2 .. 2 0 g. .. 1 lb. 

An adult weighing 132 lb. should be given 66 g. of protein, and this 
figure multiplied by 4*1 (the Calorie value of protein) giv’es 270-6 
Calories and leaves 1221 for the carbohydrate and fat. The amount of 
carbohydrate should not be less than 100 g. This figure multiplied by 
4-1=410 Calories: 1221 minus 410, leaves 811 Calories for the fat. 

1 The history of the changes since 1900 is given in the 10th edition, p. 583. 

2 Banting, F. G., and Best, C. H. (1921-2). Journ. Lab. Clin. Med., 7, 251, 
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This figure divided by 9*3. the caloric value of fat, gives 67*2 g. for the 
fat of the diet. The diet is then prescribed as carbohydrate 100 g., 
protein 66 g., fat 87 g., Calories 1497. This diet is divided into four meals 
of approximately the following amounts: breakfast, lunch, and dinner. 
C. 30 g., P. 21 g.. F. 27 g., Cal. 460; tea, C. 10 g., P. 3 g.. F. 6 g.. Cal. 
109. 

A sample diet (p. 510) shows one way in which a diet containing 
100 g. of carbohydrate. 48 g. of protein and 53 g. of fat, Calories 1093. 
can be arranged. The amounts of protein and fat arc ratlier less than 
in the basal diet and so continue the process of undernutrition. The 
amounts of carbohydrate taken at each meal should be kept as constant 
as possible though the amount of protein and fat need not be so accurate. 
The diet should be varied as much as possible and the food tables 
(P- 515-8) which are very simple, make it easy to do this. The diet 
contains twenty 5-g. portions of carbohydrate and about se\ en 7-g. 
protein — 5 g. fat portions, with the addition of half an ounce of butter, 
and these can be varied at will. If it is desired to increase this diet to 
that necessary for the basal needs of the patient weighing 132 lb., three 
7‘g. protein — 5-g. fat portions with the addition of two-thirds of an 
ounce of butter, i.e. 21 g. protein and 35 g. fat should be added to 
the diet. 

^^^ren a patient with a mild diabetes is given such a diet the glyco- 
suria may disappear and if so the amount of the carbohytlrate should 
be increased by 10 g. every three or four days until a diet of 130 or 150 
g. is reached, provided that the urine passed after the evening meal is 
sugar-free. The amount of protein and fat may also be increased. A diet 
containing 150 g. of carbohydrate, 73*4 g. protein, and 97 4 g. fat. 
Calories, 1814, is set out on p.511. 

If, however, the glycosuria reappears after a few days with a diet 
of 100 g. carbohydrate, the amount of carbohydrate should not be 
reduced below 100 g., as this amount seems to be mcessary for the 
correct metabolism of the fat; if 80 g. only are taken ketone bodies 
usually appear in the urine. The effect of another fast day can bo tried 
but the patient should be advised to start insulin and have a good diet 
containing 130-150 or more g. of carbohydrate. 

Many elderly patients with small appetites do not want to eat more 
than 130 g. but the middle-aged usually prefer 150-170 g.. while the 
younger people should have over 200 g. and some take 300 g. or more. 
The amount of fat given under these conditions varies according to the 
views of different workers. Some give 150 g. or more, whereas most 
restrict the fat to 100 g. or so, and a few insist that if the carbohydrate 
IS raised to over 200 g. that the fat should be reduced and believe that 
it should be as low as 50 g. There are advantages and disadvantages of 
this diet: the amount of carbohydrate is so great that a difference of 
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20 or 30 g. is negligible and it is unnecessary to weigh the carbohydrate 
foods accurately, but the amount of fat is so small that many people 
feel the deprivation either of fatty foods like bacon, which they like, 
or if they eat bacon they miss the butter. 

Example 


Diet for an Adult — 



C. P. F. Cal. 

C. 

p. 

F. 

Cal. 

Breakfast: 






1 oz. bread or toast . 

2 5-g. portions of 

i5-og. 2-4g. o-3g. 70 

1 

1 




fruit or I oz. jam . 

lo-o — — 41 

1 

25 -og. 

2 Mg 

■ o- 3 g 

. iir 

Midday Meal: 

Negligible food value. 





▼ 

Gravy Soup 

2 oz. meat or 2 02. 

white fish and J 02. 
butter 






— 14-0 14-0 188 

6 oz. green vegetables 

Negligible food value. 





1 oz. cheese 

Two 5-g. portions of 

_ 67 8-2 105 





fruit 

10-0 — — 41 




404 

1 oz. bread 

15-0 2*4 0-3 70 

25*0 

23*1 

22-5 

lea; 






I oz. bread 

15-0 2-4 0*3 70 

15-0 

2-4 

0-3 

70 

Dinner: 

1 





Gravy soup 

2 oz. meat or 2 oz. 

Negligible food value. ' 





white fish and i oz. 
butter . 

— 14 0 14-0 188 





2 oz. potatoes . 

lo-o — — 41 





6 oz. green vegetables. 

Negligible food value. 





I oz. bread 

One 5-g. portion of 

15*0 2-4 0-3 70 

1 





fruit 

M 

Cl 

i 

1 

0 

30*0 

i6m 

14-3 

320 

68 

3J oz. milk in the day . 

— 

50 

37 

3-5 

J oz. butter in the day 

— — — — 



12*5 

120 


Totals 

100*0 

CO 

0 

53-4 

1093 


At present it is not possible to say which is the best diet, but wc 
would put the outside limits as follows: C. 150 g.; P. 70-100 g.; F. 100 g., 
Calories, 1810-1930; and C. 250-350 g.; P. 70-100 g.; F. 50 g.; Calories 
1745-2265. It will be seen that the Calorie value is below that believed 

1 Reprinted, >vith the permission of the Publishers, from An Ind^ of TreaitnetU. 



Example 2 


High-carbohydrate Diet — 


Breakfast: 

I egg . 

I oz. bacon 
I oz. bread toasted . 
Two 5-g. portions of 
fruit, say 4 oz. 
apples . 

i oz. ordinary jam or 
marmalade . 

II a.m.: 

i oz. biscuit 

Midday meal: 

Gravy soup 
3 02. meat (or 3 oz. 

salmon) 

3 oz. potatoes 
6 oz. green vegetable*' 
Two 5-g. portions of 
fruit, 4 oz. orange 

1 oz. bread 

Tea: 

5 oz. bread 

Evening meal: 

Gravy soup 

2 oz. meat (or 2 oz. 
white fish and } oz. 
butter) 

3 oz. potatoes 

6 oz. green vegetables 
I oz. bread 

i oz. cheese 
Two 5-g. portions of 
fruit or I 02. cheese 
biscuit 

11 p.m.; 

J oz. biscuit 
34 oz. milk 

In the whole day; 

34 oz. milk 
I oz. butter 


C. P. 

F. 


— 5 - 9 g- 

— 5-1 

6 -2 g. 
15-0 

81 

160 

i5-og. 2-4 

0-3 

70 

lo-o 

— 

41 

10-2 — 


4 J 

Negligible food value. 

— 21 0 

21 *0 

282 

15-0 — — Oi 

Negligible food value. 

10*0 


41 


15.0 2*4 0-3 70 


Negligible food value. 



14 *0 

14*0 

188 

IS'O 

— 

— 

6i| 

Negligible 

food value. , 

1 

15-0 

2*4 

0-3 

70 


6-7 

8-2 

105 

10*0 

I *6 

0-2 

48 

5-0 

0*8 

, 

24 

50 

3-7 

3-5 

68 



— 



Totals . 


C. P. F. Cal. 


35 •og.13-4g.21-5g.393 

lo-o 1-6 0-2 4S 


400 

23-4 

21*3 454 

100 

I *6 

0*2 48 


40*0 

24-7 

’ 2-7 

472 

10*0 

4-3 

3-5 

92 

50 

3-7 

3-5 

25-0 

68 

240 

150*0 

72-9 

97-9 

1815 


Kifd 
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necessary for health and normal activities. It is remarkable that 
patients keep well, maintain or even gain weight on so little food and the 
reason is not understood. Some authorities increase the Calorie value 
considerably and allow the patient to choose his own diet and have 
what is called a "Free Diet.” Opinion is divided on the merits of the 
system but Dunlop^ whose patients did well in the first five years 
abandoned this system during the second five years, because the 
number of serious complications which developed was considerable. 
A compromise solution is to allow the patient to decide how much he 
wishes to eat at each meal and to stabilize the diet at this level, instead 
of allowing wide variations. Once the level is settled the patient must be 
taught how to vary his diet by the aid of the food tables in order that 
he maj^ have plenty of variety in his meals. Good control of the diabetic 
condition with insulin is much easier to achieve and maintain if the 
diet is kept stable and if the calorie value is a little on the low side and 
this prevents the patient becoming fat. However, sufficient carbo- 
hydrate must be allowed for full activities and for growth in young 
patients. 

Diets for children and adolescents are a little more difficult to arrange 
as they require more food than adults to enable them to grow and 
develop properly. The number of Calories required by children is shown 
on p. 46 and the amount of protein on p. 508. and these figures are of 
use in arranging the diets. It is suggested that those over the age of 12 
should be given about 60 per cent, of the caloric allowance for full 
activities. The initial diet should contain 150 g. of carbohj'drate and 
the full diet for an adult, Example 2, can be used. V^^len the patients 
begin to take exercise the carbohydrate must be increased and the 
protein raised to i g. per lb. of body weight. Children about 12 can also 
be started on the same diet and the diet increased later, but the final 
requirements should be about 66 per cent, of the full values. 

Children of about 6, weighing 3 stone, need 1550 Calories for their 
full activity and it is suggested that the initial diet should contain 70 
per cent, of this amount, i.e. 1080 Calories. The diet is determined in 
the following way: The protein should be 68 g., allowing 1*5 g. per lb. 
of body weight. The carbohj'drate should be at least 100 g. These two 
account for 689 Calories, leaving 1085—689=396 Calories for the fat. 
This number divided by 9*3, the caloric value of fat, gives 43 g. for the 
fat ration. This diet is tlien prescribed as C. 100, P. 63, F. 43, Cal. 1083. 
The example below’ shows one way in w'hich approximately this amount 
of food can be divided to make a palatable diet. The amount of fat is 
slightly higher than in the calculation. If it is desired to give the 
exact amount of fat some of the whole milk must be e.xchanged for 
skimmed milk. 

i Dcnlop, D. M. (1954), Journ., 2, 383. 
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Example 3 

Diet for Child of Six — 




C. 

p. 

F. 

Cal. 

C. P. 

F. 

Cal. 

Breakfast: 









3i oz. milk 


50 

3*7 

3-5 

68 




I egg • 



5-9 

6*2 

80 

1 



I 02. bread 


150 

2-1 

0-3 

70 

1 



Two 5-g. portions of 








fruit 

• 

lO-O 


— 

41 










300 12*0 

100 

259 

First Drink: 









3i oz. milk 

♦ 




! 

5*0 37 

3-5 

68 

Mid-day Meal: 









2 oz. meat 



14*0 

140 

187 




2 oz. potatoes 


lO-O 



41 




6 oz. green vegetables 

Negligible 

food 

value. 1 




i oz. ncc 

• 

10*0 


, 1 

41 




34 oz. milk 

% 

50 

3-7 

3-5 

68 




I oz. bread 


15*0 

2-4 

0-3 

70 ' 










400 20-1 

17-8 

407 

Tea; 





1 




3 oz. white fish 



21 -0 


S6 . 




1 oz. bread 


150 

2-4 

0-3 

70 




34 oz. milk 


50 

3-7 

3-5 

68 










>0*0 271 

3 -S 

224 

Second drink; 









34 oz. milk 

A 






50 3-7 

3*5 

68 

4 oz. butter in 

the 








day 

$ 




1 


0*0 

»4 




Totals 

♦ 

100*0 00*6 

47-6 

I 1 10 


A child of 2 years weighing 26 lb. requires 1150 Calorics for his full 
activities and it is suggested that he should have 75 per cent, of this 
amount, i.e, 860 Calories. The amount of carbohydrate is settled 
arbitrarily at 80 g. which provides 328 Calories. The amount of jirotein 
required is also settled arbitrarily at 50 g., 2 g. per lb. of body weight. 
This provides 205 Calories and leaves 860— 533=327 for the fat. Tliis 
gure divided by the Caloric value of fat, 9*3, gives 35 g. for the fat 
ration. The diet is then prescribed as C. 80, P. 50. F. 35. The example 

pven below shows one way in which approximately this amount of 
food can be arranged. 

especially young ones should be allowed to choose 
wiich amount of carbohydrate and fat they want and the dose of 
insulm adjusted to meet these demands; othenvise they will probably 
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Example 4 

Diet for Child of Two- 


1 

C. 

p. 

F. 

Cal. 

C. 

P. 

F. 

Cal. 

Breakfast: 









6 oz. milk 

1 

8 - 5 &- 

6*3g. 6-og. 

116 





1 oz. bread . . ' 

15*0 

2-4 

0-3 

70 





I egg 


5 ‘9 

6*2 

80 










23 -5 g- 

14 -eg. 

I 2 - 5 g- 

266 

First Drink: 









6 oz. milk 





8-5 

6*3 

6-0 

116 

Mid-day Meal: 









I oz. meat 


7*0 

7*0 

93 





1 oz. potatoes 

5-0 



20 





3 02. green vege- 









tables 

Neglig 

ibie 

food value. 





• oz. rice 

lo-o 



41 





3i 02. milk . 

5-0 

37 

3-5 

63 










20-0 

107 

10*5 

222 

Tea: 









6 oz. milk 


6-3 

60 

116 





I oz. fish 


6-0 


25 





I oz. bread . 

15-0 

2-4 

0-3 

70 










23-5 

147 

6-3 

211 

Second Drink: 

j 




1 W W 




6 oz. milk . . i 

1 

1 




8-5 

6*3 

6-0 

1 16 

1 

1 

1 

i 

Totals . 


84*0 

52-6 

41*3 

931 


take the food they want after leaving hospital and thus upset the 
balance of the food and insulin. 

The proof of a ])iukUng is in the eating, and if the patient is not 
having enough food he will either remain underweight, lose weight or 
have little energy-, if this is the case, the amount of the carbohydrate 
should be. increased, and sufheient insulin given to control the glyco* 
suria. 

Food Tables. Diet formuhe appear formidable to anyone who 
is not accustomed to think about the constituents of the diet, but the 
food tables which are now in use make it very easy to choose a diet of 
appro.ximately the right amount. The different articles of food which 
are in common use are included in the following tables. » 

‘The food values are calculated from the tables given in McCance, R. A., and 
WiDDOWSON, E. M, (194&) Medical Research Council Special Report Series, 

•The Chemical composition of Foods." The values of foods used in tropical 
countries can be ascertained from tables prepared by Platt, B. S. (1945) 

Research Council Special Report, j.s v 
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Carbohydrate-containing Foods 

Five g. carbohydrates are contained in the undermentioned weights 
of the edible parts of the various foods: any one item, therefore, may 
be substituted for any other, without risk of serious error. The vege- 
tables are cooked, unless otherwise stated. Each portion provides about 
20 Calories. 

The carbohydrate food tables, Table I, show the amount of food 
which contains 5 g. carbohydrate and are arranged in four classes: 
(rt) The vegetables are divided into two groups. Group 1 includes those 
which contain so little carbohydrate that they need not be weighed or 
taken into consideration. Group II includes those which contain enough 
carbohydrate to make it necessary to weigh the article of food, (h) 
The fruits are arranged in one table. Most of them contain little carbo- 
hydrate and two 5-g. portions make an average helping, (c) I he* nuts. 
(<i) The starchy foods, (e) Milk. These are rich in carbohydrate and 
should be carefully weighed or measured. 


TaDLE I — CAKBOIIVr>RATIi 

The following articles of food contain appro.xiniately 5 grammes of 
carbohydrate and may be substituted for each other without causing serious 
error. 


Group I , — These vegetables 

contain so 

little carbohydrate that 

they noc 

not be weighed. 





oz. 


oz. 

Asparagus 

16 

Mustard and Cress 

. ^0 

Brussels sprouts 

10 

Onions 

U 

Cabbage 

. 18 

Itadishcs 

Oi 

Cauliflower 

• 15 

Bhubarb 

. iS 

Celery (raw) . 

. 14 

Sea-kale 

. ZO 

Cucumber (raw) 

9 f 

Spinach 


French beans 

. 16 

Turnips 

7 

Lettuce (raw) . 

9i 

Watercress (raw) . 

25 

Marro^v 

• 13 



Group II. 





oz. 


oz. 

(0) Beans, broad 

2 i 

Parsnips 

1 k 

Beans, haricot 

I 

Pca.« (dried) . 

I 

Beetroot 

. 2 

Peas (green) 

2 

Carrots 

4 

Potatoes 

1 

Leeks , 

4 
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(6} Fmiis (weighed wdth stones but no peel). 



oz. 


OZ. 

Apple (raw) . 


Loganberries 

5 

Apple (stewed) 

4 

Melon 

3i 

Apricot (fresh) 

3 

Orange 

2 

Bananas 

I 

Peaches 

2 

Blackberries 

3 

Pears 

2 

Cherries 

u 

Pineapple (fresh) . 

li 

Currants (red or black) 

3i 

Pineapple (tinned) 

i 

Damsons 

2 

Prunes (dried, stewed) 

I 

Gooseberries (raw, ripe) 

2 

Plums .... 

2 

Gooseberries (unripe. 


Raspberries . 

3 

stewed) 

10 

Strawberries 

3 

Grapefruit . 

3i 

Tangerines . 

2 

Grapes. 

I 

Tomatoes 

6 

Greengage 

U 



Nuts. 





oz. 


02. 

Almonds 

I 

Hazel nuts . 

u 

Chestnuts 

h 

Walnuts 

li 

Starchy Foods. 





oz. 


oz. 

Biscuit (plain) 

i 

Oatmeal (dry) 


Bread 


Rice or tapioca (dry) 

1 

Cornflakes or Force 

i 



Jam or Marmalade 





(e) Milk .... 4 

Each portion = 5 g. carbohydrate. 

Additional values for fruits and vegetables are given in the medical 
Research Council’s Food Tables, McCance, R. A., Widdowson, E. M. 
(1940). 


Protein-containing Foods 

The protein content of food is shown in Table II. Each portion 
contains approximately 7 g. of protein, and 7 g. of fat, and can be 
exchanged for any other portion without causing serious error. Great 
attention was formerly paid to the exact content of these foods, when 
the carbohydrate content of the diet was very low, but this is un- 
necessary, provided that the carbohydrate value of the diet is over 
100 g. The amounts of protein-containing foods should be weighed at 
first, but it is unnecessary' to continue to do this when the patient has 
learnt the approximate values of the diet. Elderly people as a rule have 
a small appetite and often do not w'ant to eat the full protein ration. 
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Table II — Protein and Fat 

The following articles of food contain approximately 7 g. of protein and 
7 g. of fat and may be substituted for each other without causing serious 
error. 


(a) Meat and Fish and Cheese. 


Beef . 
Chicken 
Duck 

Ham (lean) 
Herring 
Kipper 
Lamb 
Mackerel 
Mutton 
Pheasant 
Pork (lean) 
Rabbit 
Salmon 
Sardines 
Sweetbreads 
Tripe 
Turkey 
Veal . 
White Fish 


Cheese 

Ham (fat and lean) 
Bacon (raw) 


Edible Weight. Additional Butter, 


(6) Miscellaneous. 


3 oz. Bread 
> Egg 
8 oz. Milk 


OZ. 

OZ. 


1 

0 


. 2 

i 


, 2 

0 


1 

0 


li 

0 


'> 

0 


I 

0 


li 

0 


1 

0 


u 

i 


I 

0 


Ih 

i 


li 

D 


1 

0 


1 

}. 


li 

1 

4 


t 

4 


r 

0 


24 

1 


Edible Weight. Reduction of Butter. 

OZ. 

07 


1 

1 


. . 2 

1 

<» 


U 

i 


protein and 7 g. fat. 



, Calories. 



Grammes of 



Carbohydrate. Protein . 

Fat. 

Calories. 

45 7-2 

0*9 

2 10 

— 5-9 

0*2 

81 

10 72 

8-8 

152 


Fax-containing Foods 

The following fatty foods should be carefully weighed as it is im- 
portant to restrict their amount. The following portions contain about 
5 g- of fat: 

Table 111 

Cream (average) . . . . .^02, 

Cream (Devonshire) . . • ■ . i .. 

Butter or Margarine . . . i .. 

Note. The Cookery Book for Diabetics published by the Diabetic .Association 
is of value in varying the diet. 
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How to Use the Food Tables. Intelligent patients soon leam to 
arrange a diet and vary it so that it is not monotonous. If the patient 
finds difficulty in doing so, the diet can be ordered as so many carbo- 
hydrate and protein-fat rations. Thus a diet of lOO g. carbohydrates, 
66 g. protein, and 84 g. fat. can be ordered as twenty 5-g. carbohydrate 
(Table I) and nine protein-fat rations (Table II). The nine protein-fat 
rations contain 45 g. fat and the remaining 39 g. are supplied by li oz. 
butter. The three principal meals of the day should be about equal 
and contain 6 carbohydrate rations and 3 protcin-fat rations, leaving 
2 carbohydrate rations for tea. If the carbohj’drate ration is increased 
by 30 g., two 5-g. rations are added to the three principal meals. If the 
protein-fat ration is insufficient, it is better to add a protein-fat ration, 
i.e. 7 g. protein and 5 g. fat, either to the midday or evening meals or 
to both. 

The Arrangement of the Diet with and without Insulin. If no 
insulin is given, a diet containing 100 g. carbohydrate should be 
divided between four meals in equal amounts, thus: Breakfast 25 g-. 
Luncli 25 g.. Tea 25 g., and Dinner 25 g. 

If a diet of 200 or 250 g. of carbohydrate is given, the same balance 
between the meals should be maintained. 

When insulin is given, the arrangement of carbohydrate should be 
(liffiTcnt, and also depends on the type of insulin used. The original 
insulin is soluble, and the new insulin zinc suspension which is amorph- 
ous (trade name, Semi Lente) is insoluble, but both have a quick action. 
In order to delay and prolong the action of the insulin, various modifica- 
tions have been made. Zinc is added to all of them, globin is added to 
(llobin insulin, protamine to Protamine insulin with zinc, protamine 
to Iso])hane insulin, the new insulin zinc suspension is crystalline 
(trade name, Ultra Lente). All these insulins, except Cdobin.are insoluble 
and therefore turbid. If an insulin is required which acts less slowly, the 
original insulin can be added in any suitable amount of Globin, pro- 
tamine zinc or Isnphane insulins, but not to the ciy’stalline suspension 
(Ultra Lente). The amorphous suspension (Semi Lente) can be added 
to the crystalline, and in a proportion of 3 amorphous to 7 cr>'St;Uline 
is available under the name of Lente insulin. 

If a dose of a quick-acting insulin is given in the morning and before 
the evening meal the proportion should be: Breakfast 35 g.. Lunch 
30 g., Tea 15 g.. Dinner 20 g. 

The insulin is usually given half an hour before breakfast and half 
an hour before the evening meal. The balance of a diet of 150 g. of 
carbohydrate should be: Breakfast 45 g., Lunch 45 g.. Tea 15 g., and 
Dinner 45 g. 

If j'atients are liable to have an overdose, before lunch and during 
the night “buffer” meals should be given — thus, with a 150-g. carbo- 
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hydrate diet; Breakfast 40 g.. “Buffer” 10 g.. Lunch 40 g.. Tea 15 g- 
Dinner 35 g., “Buffer” 10 g.; or with a diet of 210 g. carboludrate. 
Breakfast 50 g., “Buffer” 15 g.. Lunch 55 g.. Tea 15 g., Dinner 60 g.. 

“Buffer” 15 g. ..... 

With Slow-acting Insulins. If one dose of a slow-acting ln^u in is 
given before breakfast the carbohydrate at breakfast should be reduced 
and that at tea-time increased to prevent hypoglycxemia between 
tea and the evening meals. It is sometimes advisable to gi\e 10 g. 
carbohydrate at the same time as the insulin so as to prevent a reaction 

before breakfast, thus: 

C. 150 g. With insulin 10 g. Breakfast 25 g-. Lunch 25 g.. Tea 30 g.. 

Dinner 50 g., "Buffer” 10 g. 

C. 200 g. With insulin 15 g. Breakfast 35 g-. Lunch 35 g.. lea 40 b-. 

Dinner 60 g., "Buffer” 15 g. 

If a mixture of a quick and slow-acting insulin is gi\ cn in one dose 
the breakfast must be increased. 

C. 150 g. With insulin log. Breakfast 30 g.. •’Buner” 10 g., Lunch 30 g.. 

Tea 30 g.. Dinner 30 g.. "Buffer” 10 g. 

C. 200 g. With insulin 15 g. Breakfa-st 45 g.. "Butfer 10 g., Luncli 45 g.. 

Tea 30 g.. Dinner 45 g.. "Buffer” 10 g. 

It must be remembered that patients vary vcr\- much in their 
reaction to insulin and the balance of the diets suggested should be 

changed according to circumstances. 

The dose of insulin may be small. 5 to 10 units given once or twice 
a day, but may be large, 50. 100. 200 units, and it is rare for a patient 
to require more than this amount each day. In emergencies much 
larger doses may be necessary' in order to save life, c.g., 500-1000 units 
or more. 

So-called Diabetic Foods. Before the discovery of insulin, these 
foods, especially bread and biscuits, were of some value to the diabetic. 
Some which contained Uttlo or no carbohydrate were of especial 
value, but unfortunately were often unpalatable. Others which still 
contained a considerable amount of starch together with an increased 
quantity of protein and fat were less unpalatable, but often caused the 
glycosuria to persist. Fortunately, with the discovery of insulin, and 
the introduction of the high carbohydrate diet, they are no longer used 
for the patients who are taking insulin. Unfortunately many elderly 
patients dislike the thought of a daily injection and prefer to eat an 
unpalatable diet. The so-called diabetic breads and biscuits are of 
value until the patients suffer so much from their ill-health that they 
are persuaded to start insulin and to eat palatable foods once more. 
The following is a list of some of the foods: 
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Bread 




Starch. 

Protein. 

Fat. 


per cent. 

per cent. 

per cent. 

Energen 

. 46 

40 

3*3 

Procea 

• 37 

22 

5*6 

Heudebert . 

Nutrex 

• 35 

65 

07 

White 

. 407 

11-56 

1-29 

BrowTi 

. 39-8 

13 ’6 

1-29 

Diabetic . 

• 33 ‘5 

Biscuits 

23*8 

1*29 

Energen 

• 44 
Flour 

26 

24 

Energen 

The reader should consult: 

• 63-3 

21 

1-75 


(1) JosLiN, E. P. (1952), The Treatment of Diabetes, 

(2) Lawrence, R. D. (1950), The Diabetic Life. 

(3) Abrahams, M., and Widdowson, E. M. (1951), Modem Dietary 

Treatment. 

(4) Graham, G. (1946), Index of Treatment. Hutchison &. Hilton. 


Hypoglycemia 

This condition in which the blood-sugar is below 70 mg. per 100 ml. 
may occur under various conditions. 

(1) After very strenuous activities and is the important factor 
causing fatigue. In the well-trained athlete the exercise must be very 
great , but in the untrained relatively light e.xercise will cause symptoms. 
Athletes should have a high carbohydrate diet and should take sugar 
20-40 g. as soon as fatigue is felt, and repeat it if necessary. 

(2) Some two to four hours after a meal, the symptoms of hunger, 
weakness, sweating, tremor of the fingers, ataxia, irritability^. * are 
noticed. 

The hypoglycajmia follows a very rapid increase in the blood-sugar 
which rises from a fasting value of 80-120 mg. per 100 ml. to above the 
usual amount of 150-180 mg. per 100 ml. (capillar}^ blood) to 250 or 
even 300 mg. per 100 ml. at the end of half an hour. It then decreases 
to about 200 mg. per 100 ml. at the end of the hour, and has usually 
decreased to 120 mg. per 100 ml. at the one and a half hours, and in the 
next half or one hour is below 70 mg. per 100 ml. The symptoms of 
hypoglycremi usually occur when the blood-sugar is near this level. 
Glycremia will be present in the first one and a half hours and will 
suggest the diagnosis of diabetes mellitus. This is disproved by the 

' Conn, J. W. (1940). Journ. Afver. Med. 115, 1669. 

- WILDER. R. M. (1940), CUuiCiil Diabetes Mellitus and Hyperinsulin, W, B. 
Saunders, Philadelphia, p. 357. 
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shape of the sugar tolerance cur\'e, which is called the Lag or Steeple 
curve. This condition occurs in 

(а) People who are othei^vise quite well but have the symptom 
usually in the course of the morning and especially if any exercise is 
taken. Other members of the family may be affected. The condition if 
mild is relieved at once by giving 10-15 g. sugar which may have to be 
repeated. If the condition is more severe and only relieved temporarily 
by glucose a high protein low carbohydrate diet, say 120 protein. 
100 g. carbohydrate, 150-170 g. fat. Calories 2175-2500. will often 
prevent the onset of the symptoms. If they do occur a smill amount of 
carbohydrate 10-15 g- 'vill give instant relief. 

(б) In patients who have had a partial gastrectomy performed and 
suffer from the "dumping syndrome". Ihe Lag or Steeple blood- 
sugar curve is diagnostic of the hypoglyciemia which occurs after the 
initial symptoms of fullness and abdominal discomfort has passed.* 
The hypoglycaemia if mild is easily relieved by 10-15 g- sugar. If more 
severe a high fat diet may relieve or the giving of an ounce of olive 
oil before meals.*. * 

(3) Much more serious symptoms occur in patients who ha\’e an 
adenoma, hyperplasia or malignant growth of the beta colls of the 
islands of Langerhans. In addition to the other symptoms, the patient 
may have become violent, have fits or become unconscious. The 
blood-sugar in this type of case is verj' low 50 mg. per 100 ml. or lower 
and barely rises above 120 mg. per 100 ml.* after a dose of 50 g- of 
sugar. The high protein low carbohydrate high fat diet reduces the 
severity of the symptoms slightly but complete relief can only be 
obtained by operation if the tumour can be found and removed and is 
not malignant. 6 

* Evenson. K. O. (1942). Ada Med. Scand. 126, 148. 

* Gilbert, J. A. L.. and Dunlou, D. W.. (i 947 ). Bril. Med. Jouni . 2, 330. 

* Hastincs-James, R. T. (1949). Lancet, i, 358. 

* Conn, J. W. (1940), Jouru. Auier. Med. Ass., 115, 16O9. 

* Graham, G., and Oakley, W. G. (1950), Quart. Journ. Med., N.S., 19. 21 
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THE PRINCIPLES OF FEEDING IN DISEASE 

[continued) 

The Dietetic Treatment of Obesity 

The occurrence of obesity is an indication of a disproportion between 
tlic intake of potential energy in the form of food and the output of 
actvial energy in the form of work. Sometimes the fault lies in an unduly 
large income, sometimes in too small an expenditure; not unfrequently 
both factors co-operate. 

Obesity increases the liability to degenerative diseases like hyper- 
U nsion, pulmonary cmpliysema, diabetes mellitus, degenerative heart 
disease, atherosclerosis, and perhaps other diseases. The shortage of 
food during the war years demonstrated a definite decrease in the 
incidence of these diseases. 

The popular belief that an individual is fat because he is a large 
eater may or may not be true. Some patients iU'e fat because they eat 
large amounts of food and take little exercise; others, although they 
eat ordinary amounts and take moderate exercise; and others again al- 
though they eat very little food and take much exercise. The common 
factor jiroducing obesity is the eating of more food than the patient 
needs. To use more scientific language, the Calorie requirements of 
j)atients vary enormously. The youth of iS who is doing military 
training needs 4200 Calories because he is still growing. The man of 2I 
who has stopped growing doing similar work needs 3600. The same man 
doing sedentary work needs 2500-3000 Cdories, while if he is in bed 
<inl\’ 2000 Calories. The middle-aged and old people who have ceased 
to take much exercise, move about in a leisurely manner and rest 
longer in the day-time need con.siderably less to eat than when young. 
In these instances the basal metabolism is supposed to be the same, 
but the normal limits of variation in the basal metabolic rate are from 
■ 10 per cent, to -f- 10 per cent. Thus a man whose basal metabolic rate 
is -7-10 would need 2200 wliile in bed, while if the basal metabolic 
rate was — 10 he would need only 1800 Calories. If the basal metabolic 
rate were —40 per cent., as is the case in my.xcedema, only 1340 Calories 
would be required, while if the basal metabolic rate were -}-40 per cent., 
as is often the case in toxic goitre, 2666 calories would be necessary to 
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maintain weight. These instances show that the needs oi the body 
vary widely and explain the great majority of cases of obesity. Some, 
however, are not readily explained. Thus Rubncri compared the 
metabolism of a fat boy aged lO and weighing 41 kg. witli that of his 
thin brother, who was a year older and only weighed 26 kg. Flic fat 
boy took 434 more Calories, but as he was so big the Calories per square 
metre of body surface were approximately equal, while tlie Calories 
per kg. were about 8 less for the fat boy than the thin one. This experi- 
ment shows that the big frame requires more food to maintain weight 
than the small one once the condition is established. 

Treatment of Obesity. The best-knoNsm is that described by William 
Banting in 1863* (the verb “to bant” has now passed into the Ivnglish 
language). He suffered from an extreme degree of obesity, so great, he 
tells us, as to render him unable to tie his shoe-strings, and to compel 
him to go downstairs backwards. He was 62 lb. overweight at the age 
of 66 and lost 48 of these in the next year. I he diet consisted of; 

Breakfast. 

4 to s oz . of beef, mutton, kidneys, broiled lish, bacon, or any cold 

" meit except pork; a large cup of plain tea. and a Utile biscuit or 

1 oz. of toast. 

Dinner. 

5 to 6 oz. of any lean meat or fish, any vegetable c.xccpt ]X)tatocs 
“ i“oz. of dry toast, some fruit out of a puddling, any kiiul 01 

poultry or game, and z to 3 glasses of good claret, slierr)- or 
madcria. 

Tea. 

2 to 3 oz. of fruit, a rusk or two, and a cup of plain tea. 

SUPPE^ 

3 to 4 oz. of meat or fish as at dinner, and a glass or two of claict. 

For a "night-cap” he was allowed a tumbler of "grog without 
sugar, or a glass or two of claret or sherry. 

On this regimen Banting lost 35 lb. of weight in thirty-eight weeks, 
which is not surprising, considering that his diet liitherto had consisted 
of bread-and-milk for breakfast, or a cup of tea with j'lenty of sugar 
and milk, and buttered toast; meat, beer, much bread (of whicli lie was 
always very fond), and pastry, for dinner; a tea of the same composition 
as breakfast, and a fruit tart or bread-and-milk for supper. He found 
sugar the most fattening of all foods, 5 oz. of it in a week causing his 
weight to rise i lb.; and he calls milk, sugar, beer, and butter ‘ human 
beans,” because they have the same effect in the Iiuman subject tli-it 
beans have in the case of the horse, and he regards these articles as the 
niost insidious enemy an elderly man with a tendency to corpuleiKA’ 

* ItooNER, M. (1902), BeUrage zur Eruuhrtoti’ i»i l\iiahe»(ilU i . lli rim 

* Banting, W. "A letter on corpulence addrc';sc<l to the Public.” I-on<loi», 1J'<’ \ 
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can possess, though eminently friendly to youth. He adds: I can 
conscientiously assert that I never lived so well as under the new plan 
of dietary.” 

The approximate value of this diet excluding the alcohol is carbo- 
hydrate 8o g., protein 84-105 g. and fat 80-100 g., Calories 1480-1650. 
The Calorie value of this diet is considerably less than that required by 
a healthy man lying in bed, i.e. 2000, and Banting was up and about; 
the carbohydrate portion is small, the fat ration somewhat reduced 
while the protein at 84-105 g. is less than that which Voit allowed for 
the Bavarian peasant, 120 g.. but is more than the average individual 
eats. Protein is essential for the repair of the body but it is unnecessary 
to give the large amounts of 80 to 100 g. used b)' Banting. Chittenden 
found that he and his laboratory workers and his active students 
maintained nitrogenous equilibrium on 36 g. of protein. But if this 
amount only is given the benefit of the specific dynamic action of the 
protein is lost and many people prefer to give about double this amount 
— say I g. per kg. g. per lb.) of the ideal weight of the patient. If the 
carbohydrate is reduced to 80 g. or less as Banting did; many patients 
lose weight but may complain of feeling limp and tired and conse- 
quently abandon all dieting as being too unpleasant, although others 
can tolerate the lack of carbohydrate without any difficulty. 

These complaints were difficult to understand until the introduction 
of insulin. We now know that these symptoms are due to hypogl3'C££niia 
and are a sign that the diet is deficient in carbohydrate for a patient 
who produces a normal amount of insulin. Experience shows that the 
amount of carbohydrate necessary to prevent the feeling of hunger 
and limpness is 100 g. or more, and varies between 125 and 150 g. 
in individual cases. This amount of carbohydrate thus supplies from 
410 to 615 Calories. 

I f the patient wants to reduce weight quickly it is better to reduce 
the carboh^’drate rather than the fat, because carbohydrate is a better 
sparer of protein than fat if the Calorie value is kept the same. Hence, 
paradoxical though it may be, an obese patient is made to call on his 
own fat depots more quickly if the carbohydrate is kept low and the 
fat only moderately reduced. He is rather more likeh'^ to complain of 
the restriction of the diet than if the fat is more reduced than the 
carbohydrate, and it is for this reason that we have given diets arranged 
on this plan as well as a diet in which the carbohydrate is more reduced 
than the fat. 

The chief difficulty in making a patient lose weight is to decide how 
much to reduce the caloric value. Some patients have always been big 
eaters and have further had extra snacks. If so the restriction to the 
^ regular meals and tea mav be sufficient. Manj' fat people, however, 
have already reduced tlieir diet without success and a considerable 
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reduction of Calorie value is necessary and it is better to reduce it 
drastically. 

Treatment is sometimes started by a fast of 1-5 days duration as 
was once the practice in the treatment of diabetes inellitus. This has 
the advantage that some weight is lost quickly and the ap{)etitc for 
food is much reduced. The disadvantage is that the patient continues 
to excrete 5-7 g. of nitrogen a day. This is derived from 31*43 g- of 
protein and can only come from the breakdown of the muscles. In 
addition a ketosis will develop; which is undesirable. Another way of 
starting treatment, wlxich also has the advantage of reducing tlie appe- 
tite — is to give a diet containing 100 g. of carbohydrate for one to 
three days. 

This is best taken in the form of fruit, and the following portions of 
fruit each contain 25 g. of carbohydrate, and can be varied according 
to taste. 


Portions Containing 25 

4 oz. Orange-juice 
i oz. Sugar 

8 oz. Lemon-juice 
} oz. Sugar 


o. OF Carbohydrate 
6 02. Pineapplc-juicc 

4 oz. Tomato-juice 
I Pear 
I Orange 


6 oz. Melon 3 oz. Grapes 

i oz. Sugar 4 oz. Plums 

Tea and coffee may be taken as desired, with a very small amount of 
milk. 

Lettuce, cucumber, watercress, and mustard and cress can be taken as 
desired. 


This will provide 410 Calories so that the loss of body protein will 
be less and a ketosis will not occur. 

It seems preferable to start treatment with a diet which will cause 
little or no breakdown of body proteins. A diet (I) containing 130 g. 
carbohydrate 71 *4 g. protein and 39 g. fat, calories 1190 is suitable for 
the initial treatment. 

The diet should be varied with the aid of the Food 1 allies. 1 he egg 
may be omitted from the breakfast meal and the ccpiivalent amount of 
protein and fat taken at the midday or evening meal. 

It gives a fair variety and can be taken by an intelligent patient who 
has some of his meals awaj^ from heme. Diet I provides ])lenty of green 
Vegetables, either cooked or raw, and fruit and would contain an 
adequate amount of the vitamins B, and C, but would proiiably be 
deficient in the fat-soluble vitamin A and D. Fortunately this can be 
given in concentrated form and at least 4500 I.U. vitamin A and 900 
f-U. vitamin D should be given each day. 
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Diet I 


Breakfast. 

2 Eggs 

2 07 .. Bread .... 
Two 5-g. portions of Fruit, say 

4 oz. Apple .... 
A oz. Jam or Marmalade 

MtDDAY Meal. 

3 oz. Lean Meat 

3 oz. Potatoes .... 
Green Vegetables to taste . 

I oz. Bread. .... 

Tea. 

I oz. Bread .... 

Lettuce and medium-sized Tomato 
if desired .... 

Eve.sino Meal. 

4 oz. steamed white Fish 

3 oz. Potatoes . . . . 

Two 5-g. portions of Fruit, say 
4 oz. Orange .... 
8 oz. Milk in the day . 

4500 I.U. of vitamin A and 900 
l.U. of vitamin D should be 
given each day. 


Carbo- 

liydrate. 

Protein. 

Fat. 

Calories. 


ii-8g 

12*4 g 

162 

30 g 

4.8 

0'6 

148 

10 



41 

10 



41 


21 -0 

15*0 

225 

15 

Negligible 

61 

15 

2-4 

0-3 

74 

15 

2-4 0-3 

Negligible 

74 


20-0 


88 

15 



61 

10 



41 

10 

7*2 

8-8 

152 

130 

69*6 

37'4 

1168 


This diet containing 70 g. of protein would provide i g. per kg. (o*5 g. 
per 11).) for a man weighing 70 kg. or ii stones and the full advantage 
of the specific dynamic action of the protein will be obtained. The 
amount of carbohydrate should be sufficient to prevent hypoglycremia 
witli its coincident fatigue and slack sensation. 

The patients taking these diets live on their owm fat and so remain 
in nitrogenous equilibrium, and keep well for an indefinite period. They 
should lose weight slowly, i or 2 lb. a week until a reasonable weight 
for the lieight and age is reached. \Micn this occurs the Calorie value 
should be gradually increased and a careful watch kept on the weight. 
Many patients cither do not begin to lose weight or lose very little 
until they have taken a diet for 14 days or even longer. Anderson^ 
suggested that sodium chloride was retained in the tissues and w’as 
responsible for the failure to excrete water. He found that a change to 

1 Anderson, A. B. (1944), Quart. Journ. Med., 13, 27. 
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a low salt diet caused an immediate decrease in weight. Low salt diets 
containing o-i and 0-5 g. may be seen on p. 595. 

If the patient is either very fat or after four weeks loses weight \-er>- 
slowly, he should try Diet II which contains 117-5 S- carboliydrate, 
51*6 g. protein, and 24-8 g. fat. Calories 927, or Diet III which 
contains 81-4 g. carbohydrate, 41-7 g. protein, 32-i7-2g. fat, Calories 
799-659 (p. 530). 

The use of these diets will cause a more rapid loss of weight ain1 
provided additional vitamin A and D is added to the diet no ill effects 
Nvill ensue. These diets contain so little fat that it is difficult for patients 
to have their meals away from home or special diet kitchens. The 
treatment is best started in a hospital or nursing liome so that the 
patients may learn how to arrange and vary their diets. If these patients 
complain of tiredness and loss of energy at certain times of the tlaj- an 
additional 10 g. of carbohydrate taken, before the onset of the symp- 
toms, will usually prevent them. It is most imjiortant to treat these 
symptoms promptly so as to make the patients feel well for otherwise 
they may relinquish the diet before any real benefit has resulted. 

Another method in which the carbohydrate is reduced to a small 
amount, 20 g., while the protein and fat are maintained at 91 g. and 
77 6- respectively, Calories 1188, has been found b\’ Kckwicli and 
Pawson^ to be very effective in causing loss of weight, although the 
Calorie value is not very low. Diet I\’. 

This may be due to the fat not being so good a sparer of protein 
metabolism as carbohydrate. Zeller.o 
The very low carbohydrate does not seem to cause symptoms of 
hypoglycsemia in many patients and the loss of weight is gratifying. 
This diet is certainly worth a trial if the weight does not tlecrease 
quickly enough when the carbohj'drate is kept at a higher level. 

If the symptoms of hunger, etc., are complained about although 
Weight has been lost, Diet I can be tried again, and the two diets 
alternated if necessary. 

Some workers consider that it is unnecessary to specif\’ tlu- .imounts 
of carbohydrate, protein, fat and Calories, but give their jxitients lists 
of foods which contain much or little carbohydrate, protein and fat, 
and tell them to avoid all foods which contain much of anything. 1 his 
advice may suit patients who habitually cat much too much, but 
will hardly help those who require a really low Calorie diet. In our 
* U it is much bettor to teach the patient the value of the 

ifferent kinds of food. This can easily be done witli the modern 
ood Tables which are simple to understand and csj>ecially so if a 
rained dietitian is available. It is very necessary for the patient to be 

' Kekwich. a., and Pawson, G. I- (1953) Arch. Mi<ldhsex 3. •.V) 

* Zeller. H. (1914} Arch. f. Physiol., ’213. 

LtPD 
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seen regularly by a doctor when he is taking a low Calorie diet so that 
any symptoms which arise may be treated and the diet modified. 

Other Measures. 

(1) Restriction of fluids. This was advocated by Dancel in 1864. 
He allowed his patients only 7 to 14 oz. of fluid a day. Oertel allowed 
2I pints while \'on Schweninger gave 3 pints a day, but insisted that the 
fluid should not be drunk at meals. It has been shown that the restric- 
tion of fluids has no direct influence though it may have an indirect one 
by reducing the amount of food which is eaten. It is probable, too, that 
one reason why restriction of fluids has given better results on the 
Continent than is seen in this country is, that in Germany at least, 
restriction of fluids was often synonymous with restriction of beer. 

(2) Exercise is very disappointing in its effects since walking a mile 
uses up only 100 Calories which would be supplied by a little less than 
one and one-third ounces of bread. 

(3) The administration of substances which raise the Basal Metabolic 
Rate. The most important of these is thyroid extract. It is often 
ordered if the patient fails to lose weight after a reasonable period of 
dieting. It should only be used if an estimation of the Basal Metabolic 
Rate has shown that it is between — 10 per cent, and —-5 per cent. If it 
is given, the Basal Metabolic Rate should be estimated at monthly 
intervals to make certain that it is not raised above -j-io per cent. The 
indiscriminate administration of thyroid extract in doses of 2-5 grains 
for long periods may cause symptoms of hyperthyroidism or apparently 
determine the onset of glycosuria. 

The use of other substances which raise the basal metabolism has 
been suggested. Dinitrophenol has this property but is apt to produce 
toxic symptoms. Dodds and Pope' found that dinitro o-cresol was more 
potent and less toxic than dinitrophenol. Dodds and Robertson^ found 
that a basal metabolic rate of -i-50 per cent, could be maintained with 
a dose of 0-5-1 ing. per kg. (o*25-0'5 mg. per lb.) of body-weight, but 
toxic symptoms were produced with bigger doses. Since then fatahties 
have occurred with the smaller doses and its use is not recommended. 
Amphetamine sulphate (benzidrine sulphate) dextro-rotatary, 5 mg. 
three times a day is of value in decreasing the appetite for food and 
therefore makes tlie restrictions of the meals more tolerable. Neither 
the la.“o-rotatory nor the racemic form should be used as they may 
have excitatoiy' effects. This drug should be used only if the patient 
is under close medical supcn-ision .3 


‘ Dodds. E. C., and Pope, W. J. (1933). Lancet, 2, 352. 

- Dodds. E. C.. and Kobertson. J. D. (1033), Lancet, 2, 1137, ii97- 
3 Rynearson, E. H., and Gastinead, C. F. Obesity (1953), Oxford. 
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Breakfast. 

Tea with Lemon .... 
i-J oz. Bread .... 
Two 5-g. portions of Fruit, say 4 oz. 
Orange ..... 

Mid-morning. 

Unsweetened Lemonade or Marmitc 
Medium-sized Tomato and Lettuce 
Bran Biscuits .... 
Two 5-g. portions of Fruit, say 
4 oz. Apple .... 

Midday Meal. 

3 oz. Meat (lean) .... 
Green Vegetables 

Three 5-g. portions of Fruit, say 
oz. Grapefruit and 2 oz. 
Prunes (or 3 oz. Tinned Pears, 
Peaches, or Apricots) 
Food-valueless jelly 

Tea. 

Tea with Lemon 

1 02. Bread .... 

Medium-sized Tomato and Lettuce . 

Supper. 

3 oz. steamed white fish 

2 oz. potatoes .... 

Green vegetables to taste 

I'wo 5-g. portions of Fruit, say 
8 oz. Orange .... 
Bread 1 oz. 

Milk 8 oz. .... 

4500 I-U. of vitamin A and 900 I.U. 
vitamin D should be given each day. 


Carbo- 

hvdratc. 

Protein. 

Fat. 

Calorics 

22-5 g. 

5 -^ g- 

0-4 g- 

1 1 1 

ICO 

— 

— 

4 » 

— 

Negligible 

— 


■ 



100 



41 


21 0 

150 

225 


Negligible 


1 5*0 


_ 

61 

— 





_ 



1 3*0 

2-4 

0-3 

74 


Neglig 

iblc 



150 


66 

lO-O 



41 

— 

Negligible 


10*0 



41 

15*0 

2-4 

0-3 

74 

100 

7-2 

8-8 

152 

JI 7-5 

51 *6 

24-8 

927 


This diet contains twenty-three and a half 5-g. carbohydrate portions 
and six 7-g, protein — 3-g. fat portions. The diet shonUl be varied with the 
aid of the Food Tables, pp. 515-17. 

Of the different sorts of beverages in common use, water and tlie 
saline mineral and table waters may be regarded as harmless; but the 
sweetened effervescing waters such as lemonade, ginger beer, ginger 
ale, and tonic water should be avoided unless the sugar content of the 
beverage is ascertained and this amount deducted from the food 
allowed. Tea and coffee may be freely permitted, if taken witli little 


530 


DIET IN TREATMENT OF DISEASE 

Diet III 



Carbo- y% . . 

V 1 X Protein, 

hydrate. 

Fat. 

Calories. 

Breakf.^st. 

Tea with Lemon 

— 


— 


I oz. Bread .... 

15-0 g- 

2-4 g- 

0-3 g- 

74 

J 02. Jam .... 

50 

■ ™ 1 


20 

Midday Meal 

3 02. Meat (lean) 
or 

A 

21 *0 

or 

I5’0 

225 

4 02. White Fish 


.20*0 

— 

85 

Green Vegetables 





Two 5-g, portions of rruit, say 

4 oz. Apple or 4 oz. Pear 

lO-O 

— 

1 1 

41 

Food-valueless jelly . 



■ 


Tea. 

Tea with Lemon 





.\ 02. Biscuit .... 

10*0 

I *6 

0-2 

46 

Lettuce ..... 





Supper. 

10 g. Cocoa .... 

6-4 

i*i 

07 

39 

I Egg 


5-9 

6-2 

81 

3 02. Bread .... 

100 

I *6 

0*2 

49 

Salad ..... 




— 

'I'hree 5-g. portions of Fruit, say 

() 02. Grapefruit 

15'0 



01 

Bran Biscuits .... 

— 




Milk 8 02. 

lO-O 

7-2 

8-8 

*52 


81 '4 

40*8 

or 

39-8 

31-4 

or 

16-4 

7S8 

or 

648 


Butter nil. 

ooo I.U. of vitamin D should lie given each day. 

This diet contains twenty 5-g. carbohydrate portions and gives about 
>ix ; -g. protein — four and a half to one 5-g. fat portion. 

milk and no sugar. Cocoa is often forbidden, but tiie amount of nutri- 
ment which an ordinary* cupful of it contains is so small as to be hardly 
ujiprcciahle if it is not made with milk. In many people, also, it has the 
advantage of lessening the appetite for solid food. 

Alcoholic beverages should be avoided as far as possible, for alcohol 
is a direct sparer of fat. If a small allowance is indicated because the 
patient is unhappy without alcohol, a drj' natural wine should be 
selected, or its alcoholic equivalent of well-matured spirit freely diluted 
with water. All strong and sweet wines, liqueur.s, and malt liquors 
should be interdicted. 


DIET IN OBESITY 

Diet IV 


531 



Carbo- 

hydrate. 

Protein. 

Fat. 

Calorics 

Breakfast. 

Tea with lemon 





I Egg 



(>■2 

Si 

or 

1 oz. Lean meat 

One 5-g. portion fruit 

5 -^ S 



20 '3 

Energen roll .... 

2*0 

2 'O 

0-5 

2 \ 

Mid-morn’ing. 

Tea with lemon or milk from 

ration .... 





Lunch. 

Meat extract .... 


— 

— 

— 

4 oz. Lean meat 


jSo 

28-0 


Green vegetable or Salad ad lib. . 




— - 

Black coffee .... 


— 

■ " 


Tea. 

Tea with milk from ration or 

lemon .... 



— 

• 

1 oz. Cheese .... 


s-s 

I I 0 

140 

Energen roll .... 

2 0 

2 *0 

0-5 

2 1 

Butter from ration 


— 

■ 


Dinner. 

Meat extract .... 





6 oz. Fish .... 

- 

joo 



Green vegetables or Salad ad lib. . 



— 


i oz. Cheese .... 


4-4 

5-5 

70 

Tea with lemon 



— 


Energen roll .... 

2 “O 

2 -o 

0-5 

21 

Bedtime. 

Tea with lemon 



— . 

— 

Energen roll .... 

2 -O 

Z ‘O 

03 

2 1 

Daily. 

} 02. Butter 



iS-7 

iSo 

5 oz. Milk 

• • » • 

71 

5-3 

5 ‘> 

97 


20 

904 

70-2 

>i 77 
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Fattening Diet 

In the previous section we have dealt with the dietetic methods of 
reducing fat. We have now to consider the means at our disposal for 
increasing it. 

Generally speaking, any excess of food which is supplied to the body 
beyond the amount required to meet the current outgoings of energy 
in the form of heat and work will be stored up in the form of fat. One 
does, it is true, meet with cases in which, owing probably to some 
failure of assimilative power, it is found to be very difficult to achieve 
the laying on of fat, even although a considerable surplus of food is 
supplied, but as a rule one may say that in order to fatten the body one 
has merely to insure the supply of an excess of food. 

It will be obvious that one important means of bringing about such 
a surplus of income over expenditure is to diminish the outgoings of 
energy from the body. For this reason, rest, more or less complete, is 
always an important aid for patients whom it is wished to fatten. 

The diet should contain an increased amount of protein, carbo- 
hydrate and fat, but respect must be paid to the likes and dislikes of 
the patient, since it is useless to order extra meat, etc., which the 
patient refuses to eat. 

Fat itself is the be.st of all fattening foods, as Rubner has shown that, 
in the fonnation of new fat, loo parts of fat are equal to 248 parts of 
carbohydrate or 313 parts of protein. 

It can be given in the form of cream which is easily added to various 
articles of diet without causing any distaste on the part of the patient. 
Butter may be more difficult as the patient may dislike greasy cooking 
but jam or honey may be spread on well buttered bread. The fat on 
meat is very useful for many, but unfortunately the thin people often 
dislike it. The fish which contain fat like salmon, herring, should be 
taken in place of white fish. 

Carbohydrates are very useful since extra amounts can so easily be 
added to the diet. It is more useful than fat as a sparer of protein as 
it will establish a positive nitrogen equilibrium more quickly than fat 
does. Protein is not such a good fattening agent as the other two but 
it is very useful in bringing a patient into nitrogenous equilibrium, 
provided an adequate caloric value is maintained with the aid of 
carbohydrate and fat. It will only be laid down as muscle when the 
muscles are either exercised or have wasted in the course of an acute 
disease. Otherwise the amino acid groups will be split off and excreted 
as urea and the carbohydrate fraction will be used to lay down fat. If 
the individual is a heavy smoker, a considerable reduction in the 
amount of tobacco smoked will often coincide with a gain in weight. 

A fattening diet is wanted in three chief sets of conditions: (i) In 
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convalescence from acute illness; (2) in wasting diseases, such as 
tuberculosis; (3) in some nen'^ous disorders, of which neurasthenia may 
be regarded as the type. 

In convalescence. If the high Calorie diet used in the treatment of 
patients with typhoid fever has been used (pp. 503) the loss of protein 
and fat should be very small. The great demands for food due to the 
fever persist for three or more days after the temperature is normal, 
and after this the diet can be gradually reduced from the 5 or 4000 
Calories to 2500 or 3000. This can be done by omitting the extra cream 
and sugar which was given and adding fish and meat, etc. 

If the old-fashioned low Calorie diet has been used, a considerable 
loss of body proteins and fat will have occurred, llie Caloric \ alue 
should be increased by the addition of cream and sugar, and the 
patent foods like Ovaltine, Benger's Food, Farcx, and Horlick s 
Malted Milk are all of use. Fish and eggs are added to the diet and when 
the patient's appetite returns, chicken and meat are appreciated. 
Jellies, though of little food value, arc agreeable to the convalescent 
and with custard and light milk puddings arc well liked. Light and 
moderate exercise will greatly aid the gain in weight as the patient s 
muscles will gradually recover their size and become firm instead of 
flabby. 

In wasting disease the addition of extra milk, cream, and sugar are 
of great value, and the principles of the diet used for typhoid fever 
form the basis of the treatment. 

In the treatment of tuberculosis there have been various fashions. 
At one time it was the custom to give plenty of fat in the fonn of butter, 
bacon, pork, salad oil, and cream. Patients as a rule disliked this fatty 
diet. Later came the belief* that a high protein diet increased tlie 
richness and bactericidal power of the blood, stimulated leucocytosis, 
and replaced the waste of the muscular tissues, and diets containing 
^30 g. protein were therefore prescribed. The evidence in support of this 
hypothesis is still lacking, and Rich* "lias not encountered any studies 
in which diets rich or deficient in protein, carbohydrate or in f.it 
respectively have been compared upon tuberculosis in susceptible 
animals suffering from tuberculosis under adequately controlled 
conditions." The modern view* is that the dietetics of tuberculosis 
demands no more than a full, well-balanced intake. The curreiit custom 
IS to give diets which are high in Calorie value. 3000 to 4000, as for 
treatment of typhoid fever. If the patient is very ill a fluid diet should 

c given. The protein is usually made up to about 100-120 g. witli milk, 
eggs, meat, or fish. The carbohydrate should be about 400 g. ami the 

* Burdowell, Goodbody and Chapman. (1902). Titit . Mid . fourn , 4.10 

* Rich, a , R. (1951), Pathogenesis of Tuberculosis, p. 620. 

® Keers. (1944). Lancet. 2, 599. 
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fat about 200 g. This practice is at variance with the careful observa- 
tions of McCann and BarrA They found that the basal metaboUc rate 
(B.M.R.) of tuberculous patients may be normal or shghtly above the 
normal rate of healthy adults of comparable size, provided the tempera- 
ture is within normal limits. If the temperature is raised 5-4“ F. to 
104® F. (40* C.) the basal metabolic rate may be 30 per cent, above the 
average normal and by 6-7 per cent, for each degree F. of temperature. 
They found that a toxic destruction of protein occurs but it is vety 
small. The most important obscr\'ation they made was that the rise in 
the B.M.R. in tuberculous patients due to the specific dynamic action 
of protein closely corresponded with that which occurred in healthjr 
adults. This showed that the intake of oxygen and output of carbon 
dioxide by the lungs is considerably increased when a high protein 
diet is eaten. Hence the work of the lungs is increased and is equivalent 
to mild muscular activity, and breaks the principle that the respiratory 
movement should be reduced to a minimum either by complete 
muscular rest for the severely ill patients. These were not allowed to 
sit up or feed themselves and in addition the movements of the affected 
lung were greatly reduced by an artificial pneumothorase. 

The use of streptomycin, para, amino-salicylic acid and isoniazid 
which destroy the tubercle bacilli has improved the condition of the 
patient so much that absolute rest is no longer insisted on. Hence a 
good mixed diet of sufficient Calorie value is indicated as for any fever 
and the higher the temperature the higher the Calorie value should be. 
During convalescence less food should be given unless the patient has 
lost a great deal of weight. An occasional estimation of the total nitro- 
gen excreted in the 24 hours, when the patient is having a know 
amount of protein is of value since it will show whether the patient is 
in nitrogenous equilibrium or no. 

There is no real evidence that excess of vitamins has any effect on 
the course of the disease though it is believed that more ascorbic acid 
is needed. It is advisable to ensure that the diet should contain plenty 
of vitamins A and D, and this can be supplied by giving cod liver or 
halibut liver oil. Many patients dislike these and if so the A and D 
vitamins can be given in gelatine capsules. A dose of 4500 I.U. of 
vitamin A and qoo I.U. of vitamin D should be given. It is important 
to ensure that an adeejuate amount of vitamin C is taken either in fruit 
or green vegetables. If patients for some reason do not eat these foods, a 
tablet of ascorbic acid, 50 mg., should be given, and double this amount 
if the fever is high. Before operations on the lung and chest at least 2000 
mg. of a.scorbic acid should bo given to ensure rapid healing of the wound. 

A few patients have a poor appetite and the isoniazid dnigs may 
lielp but if not a dose of insulin, 10 units twice a day, should be tried. 

* McC.xnn, W. S., and Barr. D. P. {1920). Arch. Int. Med.. 26, 663. 
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Treatment of Neurasthenia 

Symptoms very like those of neurastlicnia can be produced by a di- t 
which contains very little thiamine* (see p. 12S), a diet containing 
0*185 nig- prevented any sj-mptoms during 161 days but a furtlur 
restriction to 0*03 mg. for 23 days was followed by s\'mptoms typical 
of neurasthenias. These disappeared rapidly when 1-2 mg. thiamine 
were given daily. It seems unlikely that neurasthenia can be produced 
by peculiarities in diet since thiamine is widely distributed in foods 
unless there is, for some reason, a great demand for thiamine by tlie 
tissues. Thus an ordinary' diet contains the following amounts ot 
thiamine: 


Bread 8o per cent, extraction 

s 

0/. 


mi;. 

Milk .... 

10 

o^. 

0*1 30 


Meat .... 

6 

OT. 

0*1 20 

imz. 

Potatoes 

S 

OZ. 

0“20S 


Green vegetables 

S 

OZ. 

O* l()0 

my. 

Total 


• 

0*960 

ruy . 


This diet should be adequate to pre\ ent any symptoms of neuras- 
thenia. However, a diet containing more thiamine is easy to arr.iiige 
and can do no harm. The giving of Marmitc or wheat gi rm u ill 
give plenty even if the patient prefers a diet containing vit\- little. 

A method of treating neurasthenic patients called the Wrir 
Mitchell Treatment or Rest Cure was once much used. It consisted 
of giving a very high Caloric diet, anti the details will bo found in tlie 
8th Edition (p. 541). It is now no longer used. 


Anore.xa Nervosa 

In this condition the patient must be given a good mi.\eii <lu I con- 
aining an abundance of all the vitamins. Tlie phy«ieian must gain 
confidence of the patient and induce her to eat in spite of lack id 
^ppetite, nausea and abdominal discomfort. \ careful w.itcii must be 
ept on the patient since she may vomit the fiKul or conee.d it !>>• 
Various subterfuges. 

Since the patient has often eaten very little for a long time it is 

very small amounts of vitamins. I'he work 

o Keysrtfl/,, p. 128,* suggests that severe lack of vitamins may play a 

symptoms of neurasthenia. Their patients recovered veiy 

quickly when i mg. was given daily, but it is probably better to start 

rea ment with a subcutaneous injection of the following \-ii.imins; 

* Kevs. a., et at . (1045). Amcr . Journ . I ^ hysiol . 144, s 
2 ibid . 
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Thiamine 
Vitamin A 

.. D 

Nicotinamide 
Riboflavine 
Ascorbic acid 


25 mg 
25000 I.U 
5000 I.U 
100 mg. 
10 mg. 
1000 mg. 


Thereafter a daily dose of the foUomng should be given by mouth: 


Thiamine 
Vitamin A 
D 

Nicotinamide 
Riboflavine 
Ascorbic acid 


I mg. 
4500 I.U. 
900 I.U. 
50 mg. 

3 mg. 

50 mg. 


until the patient has begun to recover. If she eats appreciable amount 
of food containing vitamins, the dose of the pure vitamin can be 


Thit patients are difficult to treat and great skill and perseverance 
is required. 


The Dietetics of Gout 

The exact cause of gout is stUl doubtful, but it is certainly intimately 
associated with the metaboUsm and excretion of uric aad. The uric 
acid which is excreted in the urine is derived from two sourc^: [i] 
Endogenous, which is (rt) derived from the breakdo^vn of nucleins ot 
cells, and (6) synthesized from the amino acids arising from digestion. 

(2) Exogenous, from the purines of the foodstuffs. 

The amount of uric acid excreted in the urine can be considerably 
diminished by a healthy adult if a diet is taken which contains no 
purines but it can never be eliminated on accouiVof the endogenous 
uric acid, which varies between 0-5 and 07 g. per day. The amount 
excreted by gouty patients varies greatly according to the state ot 
health. During an acute attack a great deal may be excreted for a few 
days. 07 to i g. but then the amount becomes normal (0*5 to 07 g.) 
for a* long or short period. The excretion, however, gradually decreases 
and may sink to a very small amount (o-io to 0*20 g.) just before an 
attack is due; to be again followed by a copiouS excretion immediately 
after the onset of the acute attack, and after repeated attacks the usual 
output may be ver>' small, 0-20 g. or less. It is unknown whether the 
small excretion is due to the combination of the uric acid \vith some 
other substance which is excreted by the kidney \vith difficulty, or to 
a direct failure of the kidney to excrete uric add. 

If extra nucleo-proteins in the form of pancreas and thjnnus are 
given to a gouty patient between attacks, the uric acid excretion is 
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neither so prompt nor so complete as in healthy persons, and in somc 
cases is followed by an actual decrease in the excretion. These facts 
explain the rationale of the low purine diet. The practice varies from 
the strict Haig diet, in which no purine-containing foods are eaten and 
no beverages like tea, coffee, or cocoa, because of their content of 
methyl purines, are drunk — to a moderate diet in which only Xhe foods 
with a high purine content are barred. 


The Purine Content of Various Foods 


Purine Nitrogen, 
g. per loo g. 
( 3 i oz.). 


Purine Nitrogen, 
g. per loo g. 

( 3 i 02.). 


Herring Roe (soft) 


. 0484 

Pheasant . 

0095 

Sweetbreads 

4 

0*426 

Trout 

0092 

Whitebait . 

s 

0-335 

Whiting 

. 0-090 

Sprats (smoked) . 

s 

0*250 

Veal 

0-089 

Sardines 

» 

0*234 

Mutton (leg, roast) 

. 0077 

Heart 

♦ 

• 0*174 

Salmon 

0078 

Herring 


. 0*172 

Haddock 

0072 

Mussels 

$ 

0154 

Chicken 

. 0072 

Liver 

9 

• 0*143 

Pollack 

. 0071 

Kidney 

• 

• 0*137 

Bacon 

. 0-069 

Bloater 


• 0*133 

Pork 

, 0066 

Cod's Roe 

9 

. 0*130 

Ham 

0-064 

Goose 

♦ 

. 0*100 

Cod 

0-062 

Venison 

♦ 

. 0*097 

Crab 

. 0061 


Beef (sirloin, roast) . o-o6o 

(Less than o-o6 g. of purine nitrogen per loo g.) 

Beans Green-leaf \'egetables 

Beef (corned) Nuts 

Brains Peas 

Bread Root Vegetables 

Eggs Tripe 

Flour and other cereals 
Foods Free from Purines. 

Butter, cheese, cream, fruits, honey, jam. marmalade, milk (fresh or 
tinned), sugar, vegetable soups. 

Beverages Rich in Purines. 

Cocoa, coffee, chocolate, meat extracts, meat soups, tea. 

Tea. coffee, cocoa, and chocolate arc usually allowed in moderation, but 
the meat extracts and meat soups are forbidden. 


There are two foods, soft herring roe, and sweetbreads, which contain 
over 0*400 g. of purine nitrogen per 100 g. of edible material, and three, 
whitebait, sprats and sardines, which contain over 0*234 g- cent.; 
eight foods contain over 0*100 g. per cent, and seventeen between 
0*094 ^nd 0*059 g* cent. The difference between these foods is often 
slight and partly explain the conflicting views on diet. Thus whiting 
and veal contain 0*090 and 0*089 respectively. Should these be barred 
while bacon, pork, and cod containing only 0 069 and 0*063 ‘^re 
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allowed? Or should all foods which contain more than 0-069 g. be 

forbidden? , , _ 

The decision is a difficult one, and it seems better to lay down some 

postulates— (i) In the acute attack only foods are allowed which aie 
free from purines; {2) in convalescence from an acute attack, or if me 
patient is liable to frequent attacks, foods are allowed which axe either 
free from purine or contain less than 0-07 g. per 100 g.; {3) in the long 
intervals between attacks, foods which contain less than o-i §• 

100 g. are allowed. These restrictions do not entail any real har^hip. 
(4) In patients who have had only one attack, foods containing as 
much as 0 *150 g. per cent, may perhaps be allowed. It must be remem- 
bered that 30 g. (i oz.) of sardine or 50 g. (i| oz.) of kidney 
0-07 g., the same amount as 100 g. (3^ oz.) of pork or cod and could be 
exchanged for one another \vithout causing any harm, but the 30 g. of 
sardine should not of course be taken as a savoury after the full ration 
of meat has been eaten. Meat extracts, grav}' soups and meat stocks 
are better avoided altogether as they always contain a good deal of 

purines. Vegetable soups are allowed. 

The cooking of these foods is also much disputed. Some recommend 
that the food should be plainly cooked and tliat all highly se^oned 
dishes and rich sauces should be barred. These instructions are difficu t 
to justify on physiological grounds unless the seasoning is done with 
foods which contain much purines, e.g. shrimp sauce. These rules are 
probably a relic of the times before the importance of purmes was 
recognized. Similarly, the recommendation that sugar and sweet 
things should be taken sparingly is probably due to the presence of 
glycosuria in some gouty patients. It seems unnecessary to forbid aU 
gouty patients to eat sugar because a few have diabetes mellitus. 

Beveraf'es. Tea, coffee, and cocoa aU contain methylpurines, but 
there is little evidence that these increase the output of uric aod in 
health. Haig thought that they should be forbidden, but nowadays 
they are usually allowed in moderation. Alcohol per se is not believed 
to have any effect in causing gout and it is certain that gout is very 
uncommon among whisky drinkers. On the other hand, it is common 
among those races wliich drink malt liquors like beer and stout, and 
it seems a wise precaution to forbid these. Some workers, however, 
allow them when their patients are taking sodium salicylate or Benemid 
every day. Wines present a more difficult problem. Red ^vines like port 
and claret and burgundy have been responsible for causing attacks in 
some patients, while a white \rine from a neighbouring \dney^d rnay 
be drunk witli impunity. Champagne is also regarded as a precipitating 
cause of gout, even though other white wines and cider are safe. Some 
patients are said to be able to take red wines in safety but to suffer 
from gout after drinking white wines. These observations suggest that 
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it is not the alcohol of the wine but some substance in the red or white 
wine to which the patient is allergic and is responsible for the tendenc\- 
to gout. The great majority of patients seem to be able to take white 
wine and cider without risk, and it is on these grounds th<it the follow- 
ing table has been constructed, but it must be recognized that red wines 
may not harm some patients while the white ones may be deleterious. 

Drinks to be Avoided. 

Red wines, champagne, all malt liquors, like bcor and stout. 

Drinks Allowed. 

White wines, except champagne, cider, spirits in moderation. 


Rheumatoid Arthritis, Arthritis, Osteo-.\rthritis .\nd 

Fibrositis 

A raw vegetable and fruit diet has been used for the treatment of 
muscular rheumatism, osteo-artliritis, and rheumatoid arthritis.* The 
immediate results arc said to be good in a high }>roj)ortion of cases but 
no improvement occurred in tw'o old cases of rheumatoid arthritis. 
The diet was; 


Diet I 

(Daily Rations. A raw diet continued for two weeks only.) 


Vegetables . 
Fruit: Citrus 
Apple 
Dried 

Nuts . 

Oats, crushed 
Sugar 
Salad oil 


Cream, 20 per cent. 
Milk . 

Salt . ; 

luids 


oz. 

14 

8 

6 

4 

> 

I 

h 


3 

12 

. None 
unrestricted 


Salads. Tomatoes. Roots. 

Orange. Lemon. Grapefruit. 

Apricot, Prune, Raisins, etc. 
Brazil, Cashew, Ha/el. ete 
Ser\cd after soaking, uncooked. 
One lump. 

Or Heinz Mayonnaise mixed with 
oil. 


Tea, Water, etc. 


Food Values {approx.). 

Carbohydrate 

Protein 

Fat 


M5 K- 
35 K- 
M3 g- 


Average Caloric value about 2000. 

* Hare, D. C.. and Williams, M. 13. (lo^S). t.aucel. i, 20 . II aki:, U. C. 
iroc. Itoy. Soc. Med.. 30. i. 
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Sample Menu. Diet I 


Breakfast. 

Apple porridge, i.e. — 

Grated Apple. 

Soaked raw Oatmeal. 

Grated Nuts. 

Cream. 

Fresh Orange. 

Tea \rith milk and cream. 

Mid-morning. 

Tomato pur^e with lemon. 

Dinner. 

Salad Dish, i.e. Lettuce, Cabbage. 
Tomato, Roots, etc. Salad dressing 
with oil. 

Mixed Fruit Salad and cream. 


Tea. 

Dried Fruits. 

Nuts. 

Tea with milk and cream. 

Supper. 

Fniit Porridge (Prune, Apricot, 
Apple) . 

Salad Dish with dressing. 

Bedtime. 

Lemon and Orange-juice with hot 
water. 


Diet II 


(A modified diet given for periods of several weeks) 

-\fter two weeks on the Raw Diet I the following additions were made: 


CookH Foods: Vegetable soup 

Eggs . 

Jleat 
Bacon . 

Bread 


1 

2 oz. 
2 oz. 
2 oz. 


Uncooked Foods: 


Butter 

Cheese 

Milk 


I oz. 

I oz. 

8 oz. (total milk =20 oz.) 


Salt i\s present in the food but no added salt. 
Oil and cream were reduced as necessary. 


Food Values (approx.). 

Carbohydrate ..... 146 g. 

Protein . . . . 66 g. 

Fat 142 g- 

Average Calorie value about 2200. 


The preparation and serving of the diets must receive close attention. 
The green vegetables and roots are finely shredded through a special 
mincing machine; pulped apple is prepared in the same way and mixed 
with a little lemon-juice to prevent discoloration. Dried fruits, such as 
apricots, pnmes, and raisins are soaked in water and then pulped or 
served whole, raw oatmeal too is soaked before serving. Nuts are taken 
whole or finely ground, sprinkled over the fruit. A good variety of 
salads and fruits should be obtained and the food daintily served. This 
attention to detail is mentioned because it is an essential to success, 
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otherwise the food looks and tastes unappetizing and even the willing 
patient cannot eat it. 

The benefits observed in these diseases may be associated with either 
the high intake of vitamin C as the patients were all in the sub*scurvy 
state before the treatment was started, or w'ith the low chloride content 
of the diet. 

It is doubtful whether this diet is of value in the treatment of 

4 

rheumatoid arthritis as it is low both in protein and Calorie value. These 
patients are often not in nitrogenous equilibrium anil rcidly need a 
high protein — high Calorie diet. This is a good example of a pure 
vegetarian diet. 

Extra protein can be given in the form of eggs and cheese. Ihe 
dried milk food like spnilac, casilac, etc. (p. 495) can be used to thicken 
milk or milk puddings and extra starch, sugar and butter if necessary’. 
If this diet is used, it is advisable to determine whether the patient is 
in nitrogenous equilibrium. 


Fibrositis 

Dietetic treatment is of no value. 


Gr.wel 


ind 
ill 


This is the name given to the deposition in the urine of urates ai 
uric acid. These substances are very insoluble in an acid urine,* and f. 
out of solution when the urine gets cold. If the urine is \’ery acid they 
may be precipitated at body temperature. In this case the gravel will 
collect in the bladder, and may cause s3’mptoms. In the past it has been 
suggested that the amount of j)urincs in llic diet should be decreased 
as in the treatment of gout. It is quite unneccssarj’ to do this, as the 
condition is easily cured by making the urine less acid so that the 
uric acid may remain in solution, until the urine lias been jiassod. I his 
can be done either by eating more of the foods which produce alkalis 
and eating less of those which form acids, or bj' giving a dail\’ ilose of 
alkalis. The foods which produce alkalis and acids are shown (pp. 
112-13). It will be seen that milk, fruit, and all vegetables except peas 
tend to make the urine alkaline while all the sources of animal proteins 
^gother with bread, rice, and oatmeal, tend to make the urine acid. 
The amount of vegetables cand fruit in the diet should first of all be 
increased and if this fails to keep the uric acid in solution an adeijnate 
dose of potassium acetate, potassium citrate or potassium bicarbonate 
should be given. The right dose must be determined by testing the 
urine with blue litmus paper. The dose may be as large as 2-3 g. ( 30 ‘ 4,5 

* Roberts, W. (1876). Urinary and Renal Diseases. Tliird Edition, 299 
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grs.) ever\- 3 or 4 hours. Sodium salts do not dissolve urates so well as 
potassium salts. The urine should not be too alkaline as phosphates 
prevent the solution of urates. 

Phosphaturia 

This is due to the urine being too alkaline. It may be clear when 
passed but precipitate when it is cold or may even be tmbid when 
passed. It is said to occur in neurasthenic patients. It is certainly 
desirable that the urine when passed should be clear and should not 
deposit much phosphate on cooling and this is especially the case if 
the patient has had a phosphatic calculus. The urine can be made more 
acid by reducing the amount of vegetables and milk and by increasing 
the amount of animal protein, bread, rice and oatmeal. (See tables, 
pp. 112-13). If these dietetic changes fail, some acid sodium phosphate 
0-6-I-3 g. (10-20 g.) should be taken three times a day or more often. 
It is important to find out when the urine is most alkaline and to give 
the acid sodium phosphate at the appropriate time. Each specimen of 
urine should be tested with red litmus paper or in cases of difficulty, 
the p\l of the urine should he estimated. This procedure will enable 
the size and time of the dose or doses to be detennined. If the patients 
with phosphaturia live in liot climates and sweat a great deal, an extra 
amount of fluid must also be taken to prevent the concentration of 
the urine. 


Ox.\I,URlA 

Crystals of calcium oxalate are found in the urine when it is very acid 
and/or foods containing large amounts of calcium oxalate are eaten. 
Under these conditions, pain in the loins and hccmaturia may occur in 
some individuals. The leaves of spinach, beet and purslane contain 
over 0-9 g. percent., rhubarb 0-5 g. per cent., chard swass leaves 0-66g. 
per cent., endive 0-273 8- pvr cent., but all the other vegetables and 
fruits contain negligible amounts, 1 nevertheless pain and htematuna 
have occurred after strawberries, or grape-fniit have been eaten. It 
seems that some other factor is responsible for the hematuria. Sus- 
ceptible individuals should avoid all the foods mentioned above and 
anything which has caused Inematuria before. 

Dietetic Tre.\tment of Scurvy 

1'hc history and present state of our knowledge has already been 
discussed (p. 141), and it is (mly necessary here to mention the 
conditions under which especial care must be taken in order to prevent 
1 Cooke, E. X., and Clark, A. I.. (1033). Proc. Staff Mayo Clinic, 8, 222. 
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the occurrence of either scurvy or the sub-scurvy state. It is unnecessary 
to dilate on the care which should be taken in pro\ iding an adequate 
amount of ascorbic acid for those taking long sea journeys to the Arctic 
regions, etc., where fresh meat or fish is unobtainable, as these are so 
well known. In this country scurvy still occurs among infants who are 
fed on artificial foods (sec p. 149) and it is essential to add to the diet 
sufficient fresh (not boiled) orange- or lemon- juice to provide 25 mg. 
of ascorbic acid per day. If for any reason these disagree the ascorbic 
acid should be added to the milk in tablet fonn. Raw-meat juice does 
contain some ascorbic acid but should never be used because of the 
risk of conveying the eggs of intestinal parasites. 

Frank scurvy is rare among adults but occurs among patients like 
old men who, living alone, do their own cooking or do not get fresh 
fruits (Bachelor’s Scurvy). We feel that there is some danger in the 
present tendency to cook with gas obtained from a slot meter instead of 
with a coal-fire. Vegetables like cabbage which are a good source of 
ascorbic acid must be put into a small amount of boiling water. The 
lid must be placed on the saucepan which is heated for 10 minutes 
(see pp. 144-5). This is readily done over a coal-fire whereas in poor 
households the cost of gas for this purpose seems e.xtravagant. Foods 
therefore tend to be fried and vegetables are not used. This does not 
really matter if plenty of fresh meat or some good fruit is eaten, but 
it is in these cases that cither the cost is prohibitive or the patient has 
never learnt to eat it. Recent work luis shown that many patients, and 
especially those being dieted for diseases of the alimentary tract, are 
in the sub-scurvy state, and frank scurvy may e\’en occvir. This is 
readily treated with orange-, lemon- or blackcurrant-jiiice. but if 
hcemorrhagc from the stomach or intestines has taken place ascorbic 
acid, 300 mg. three times a day, slioukl be given by moiitli for two or 
four days (1800-3600 mg.), and thereafter a maintenance dose of 
25 mg. a day. 

The diet of patients, with either a wound or fracture or wlio arc about 
to undergo operations, should always be enquired into and unless it is 
certain that the diet was adequate full doses of ascorbic acitl shoukl be 
given. For if, for some reason, the diet has been very freakish neither 
the wound nor bone will heal quickly, while abdominal wounds either 
of the stomach or skin may burst open. 

Dietetic Treatment of Infantile Scurvy 

The treatment of infantile scurvy is purely dietetic. Fresh milk 
so little vitamin C that it does not make any real difference 
whether the milk has been pasteurized, as it shoxikl be, or given as a 
dried powder. Under present conditions extra vitamin C should always 

Mifd 
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be given. Scurvy is easily prevented by giving the juices of fruits which 
contain plenty of vitamin C; e.g. “freshly" squeezed juice of oranges, 
lemons, grapefruits, swedes, or tomatoes, are all very valuable but if 
the fresh juice has been standing more than half an hour it will have 
deteriorated considerably. It is destroyed when boiled. Fruit juice 
from a tin loses about half its vitamin C content in the process of 
preparation. See Food Tables, pp. 149-50. 

The “war-time" products of rose-hip S5aup or blackcurrant juice 
and purde are very useful, but the vitamin C content should be stated 
on the label. At least 25 mg. ascorbic acid should be given each day. 
In an emergency 100 mg. of ascorbic acid should be given for two or 
three days. 

Treatment of Rickets and Diseases due to lack of ViTAiiiN D 

Rickets is due to several factors. 

(1) The amount of vitamin D in the ordinary food is small. Milk 
in the summer contributes 57 I.U. per pint and butter 113 I.U. per 
I ounce, but the milk from the stall-fed cow in the winter contains 
very little, if any. The yolk of an egg in the summer may give 75 I.U. 
but 22 I.U. only in the winter. These amounts seem very small and 
help to explain why the disease is commoner in winter than summer. 

(2) Vitamin D is believed to be made as the result of exposure of the 
skin not only to sunlight but also to indirect light when the sun is 
obscured by clouds (sky shine). The smoky atmosphere of some of the 
northern cities prevents this effect and is probably responsible for the 
prevalence of rickets in those cities. The vitamin D is probably made 
from the sterols of the milk and other foods. 

(3) The sufficiency of phosphorus and calcium must be supplied in 
the diet, and this will always be the case if the babies are given sufficient 
milk and later on cheese and an egg. 

{4) Excess of cereal may be responsible and should be avoided. The 
use of patent foods containing much starch should be forbidden as they 
in some way upset the balance of the diet. Some cereals like oatmeal are 
more harmful than others as they contain e.xcess of phytic acid which 
combines with the calcium and so prevents its absorption. Since the 
foods taken by babies and young children contain so little vitamin D 
and since they do not have the opportunity to make much vitamin D 
in the skin when they are brought up in large towns, it is necessary to 
give them e.xtra supplies of the vitamin by mouth. Tliis is administered 
in the form of liver oils which contain an adequate amount of vitamin 
D. The vitamin content of the oil should be clearly stated on the label. 
The British Pharmacopaa states that i drachm of oil should contain 
at least 300 I.U. of vitamin D, and 2000 I.U. of A. Cod-liver oil used to 
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have a very unpleasant taste and unless a child was given it early 
he would often refuse to take it later on. and few adults will face it even 
now that it is relatively tasteless. The best oils, which are made from 
the liver which has been processed before decomposition of the liver 
has started, do not have an unpleasant taste. The synthetic product, 
calciferol, should be used if the patient dislikes the oil. but the cost is 
about ten times as great. It can be given as a tablet or dissolved in 
arachis oil as a liquid or in a gelatine capsule. Vitamin A is often added 
to its preparations. Six drops of a good preparation usually contain 
6000 I.U. of A and 1200 I.U. of D. 

It is believed that the maintenance dose of vitamin D for a child 
of two should be at least 300-400 I.U. and that the curative dose is 
1000-2000 units.i It may be much more in refractory cases and should 
then be given subcutaneously. 

In Older Children and Adults. Rickets may develop in young children 
after the age of two years if they suffer from cceliac disease. Older 
patients also develop a similar disease, idiopathic steatorrha*a, and 
show changes in the bones similar to osteomalacia. 2 The condition 
is treated by ordering a diet containing the minimuni amount 
of fat and giving vitamin D in the form of calciferol. For a child 
5000-10,000 I.U. should be given daily, but an adult may require 
10,000-20.000 I.U. 

Rickets also develops in children of 4 to 12 or older who have a 
chronic kidney disease of moderate severity. Vitamin D is not of any 
value unless sufficient alkali is given by mouth to bring the alkali 
reserve within the limits of normal. When this is done, vitamin D in 
dose of 10,000-20,000 units cures the rickets.’ 

Hunger osteomalacia may occur in adults or older children as a 
result of long-continued undemutrition with a great deficiency of 
vitamin D in the diet. Puerperal osteomalacia occurs under similar 
conditions when the woman is pregnant. Both these diseases are readily 
cured when the deficiencies in protein, fat and calorics arc remedied 
and vitamin D in doses of 10,000-30,000 I.U. administered daily. This 
treatment relieves the symptofns and heals the bones verj’ quicklj'. 

Senile osteoporosis with fracture of the lumbar or lower thoracic 
vertebrae, but without any of the symptoms of osteomalacia, is a 
different disease of unknown causation.* It is much commoner in 
Women than in men and may be associated with a deficiency in the 
niale and female sex hormones. A diet rich in calcium and phos- 
phorus should be given and in addition calcium in the form of calcium 

* Jeans. P. C., and Stearn, C. (1938), Journ. Amer. Mat. Asfoc . iii. 7^3 

* Bennett. T. I.. Hunter, D., Vaughan, J. {1932). J MfJ . i, (25). cu.l- 

® Graham. G.. and Oakley. W. G. {1938), Arch. Dis. Child ,1,1 

* Burrows, H. J.. and Graham, G. (1945). Quart. J. Med.. in the Press. 
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phosphate 3 g. a day and 6 g. of sodium phosphate in the form of a 
powder. This will provide i g. of calcium and o-6 g. of phosphorus. 
Vitamin D 5000-10,000 I.U. may be given at the same time to aid the 
absorption of the calcium and phosphorus from the gut, but the 
condition does not respond quickly like osteomalacia but improves very 
slowly. Specific treatment with a mixture of the male and female 
hormones is of value. Testosterone proprionate, 10-20 mg. by injection 
or methyl testosterone, 30 mg. by mouth is given daily. The female 
hormone must be given at the same time, oestradiol benzoate 2 mg. by 
injection or dienoestrol, i mg. by mouth. Both are given daily for 
four w'eeks and the course repeated after a two weeks' pause. This 
treatment must be persevered with for a long time, one or two years.i 

It has been suggested that delay in the healing of fractures may be 
due to lack of vitamin D.* This is probably the case if the patient has 
taken a deficient diet for some time. Very large doses, 750,000 1.U., were 
given by Tumulty and Howarda for 10-17 fwo patients respec- 

ti\'ely in the hopes of healing fractures more quickly. The patients 
developed nausea, vomiting and slight albuminuria with the presence 
of a few red cells and casts. The seium calcium rose to 15 and 18 mg. 
per 100 c.c. These unfavourable symptoms passed off quickly when the 
administration stopped, but the bones did not heal any quicker than 
usual. Small doses of 2000-5000 I.U. will aid the absorption of calcium 
and phosphorus from the gut and cannot do any harm. 

3. Diet in Disorders of the Stomach 
Gener.-^l Considerations “ 

Seeing that the essential r61e of the stomach is a mechanical rather 
than a truly digestive one, the physical form of the food must always 
be of more importance in dyspepsia than its chemical composition. 
In proof of this one finds that so long as the stomach is able to pass the 
food on into the intestine, absorption and nutrition go on wthout 
impairment, even although the digestive juices of the stomach itself 
arc no longer present and e^'en if a very large part of the stomach has 
been removed. The first nile to be obser\*ed, therefore, in drawing up 
a dietary for disorders of the stomach, is to see that the food is presented 
in such a form that the stomach has but little difficulty in driving it 
on into the duodenum. In practice this means that the food must be 
in a fine state of division, and should be carefully chew'ed. 

The question of bulk must also be consider^. The larger the mass 
of the food, the greater is the muscular labour imposed on the stomacli. 

> Cooke, A. M. (055). Lancet, i, o^ 9 - 

2 Nelson, C.. F.V.R.C. (i 9 -f*). Journ. Anier. yted. /lis., 184. 

J Ti'MCltv, V., and Howard. J. F. (i942),yoMrH. Amer. Med. Ass., 119. 33,1- 
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It is probably on this account that animal foods are, as a class, Ic" 
troublesome to most dyspeptics than vegetable products. For tlK- 
same reason, the meals in dyspepsia should be of small size, but taken 
at rather short intervals. 


As regards the behaviour of the dyspeptic stomach to the ditfert-nt 
chemical ingredients of the food, great indi\’idual dilkrenccs o.xist, and 
in no class of case is it more important to study the (juestion of idiosyn- 
crasy. In a majority of instances cooked fat is more apt to give offence 
than any other constituent. In the process of cooking, fatly acids, 
acrolein, and other irritating substances, may he formed and if thi‘ 
stomach is not healthy may disagree. On the other hand, milk, butter 
and bacon-fat which have a low melting point are usually of great 
value in the treatment of gastric disorders. 

We may now pass to the more detailed consideiation of the dietetic 
treatment suitable in different forms of gastric disorder. lea\ ing the 
discussion of some further general principles until we come to spe.ik 
of "functional" dyspepsias. In handling the subject it will be well ti.) 
take up first those diseases of the stomach uhich arc accompanie*.! by 
definite organic change, and afterwards to consiiler the so-calUd 
functional" disorders in one group. Such an arrangement is atlmilteilh' 
unscientific, but it has the advantage of practical con\'enienco, and 


our knowledge does not at present admit of any mori- sati>factor\' 
system of classification. 


Gastric Ulcer 

In the last fifty years great changes have t.»ken place in the tre.at- 
tnent of patients with gastric or duodenal ulcers, riie princiide gem rall)' 
accepted was that the work of the stomach shouUl be as light as pos.^ible 
und that the food should not irritate tlic mucous membrane, llie i<lea 
of rest was carried so far at one time that no food was given hy month 
and various types of nutrient cnemata or water containin.g salt atul 
sugar were given per rectum. It is now recognized that nutrient 
^emata are of very little value (p. 605) and they should not be vised. 
Rectal salines are of great value when the patient h.is lost imu b fluid 
either by vomiting, severe htemorrhage or whcne\er the patient i-' 
unable for some reason to take a sufficient amount of fluid by mouth 
(p. 605). Under these conditions a 5 per cent, solutivin of glucose in tap 
water or J normal saline is of great value, and 3000 ml. may be gi\< n 
in the day if fluid is not given by any other route. 

Fatients did not do well on this regime, and in 1907 laiihari/' 
introduced the practice of feeding patients by mouth, starting \^ ith \ er\' 
small amounts of an egg and milk mi.xture and gradually increasing it 

hENHARTZ. (1907), Med. .K/irt., L anodon Brown. (1908). Clift., Jvuth 33, io<) 
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daily. The guiding principles of the diet were (i) to aid the healing of the 
ulcer by giving as much nourishing food as possible, {2) to fix the acid 
of the gastric juice by ensuring that the food contains a large proportion 
of protein, and so prevent its interfering with healing. (3) to lighten the 
work of the stomach as much as possible by the use of small feeds. It 


Diets 


Feeds 
by day 

Food 


I 

2 

3 

4 

5 

6 

7 

1 

Milk 

02. 

I 


2 

2.V 

3 

34 

4 


Sugar 




i 

i 

i 

i 

i 

2 

Eee and milk . 

02. 

1 


2 

2i 

3 

34 

4 


Sugar 


— 


i 

i 

i 

I 


3 

Milk 

OZ. 

I 


2 

2^ 

3 

3i 

4 

1 


Sugar 







i 

i 

4 

Eec and milk 

02. 

I 


2 

2* 

3 

3i 

4 


Sugar 




i 

i 

i 

i 

i 

5 

Milk 

02. 

1 


2 


3 


4 

1 


Sugar 


— 


— 



i 

i 

6 

Egg and milk 

02. 

I 

li 

2 

2i 

3 

34 

4 


Sugar 




i 

i' 


i 

I 

7 

Milk 

02. 

I 


2 


3 

3l 

4 

1 


Sugar 


— 





i 

4 

8 

Egg and milk 

02. 

I 

li 

2 

2* 

3 

3i 

4 


Sugar 



— 

i 

i' 

1 

i 

4 

Feeds 

Milk 

OZ. 

I 



2\ 

3 

3i 

4 

at 

Sugar 







i 

4 

nignt 










if 

Milk 

02. 

I 

ih 


2i 

3 

34 

4 

awake 

Sugar 

—— 





• 

i 

4 

Daily 

Milk 

02. 

9 

15 

iS 

22 

27 

32 

36 

total 

Fggs 


1 

I 

2 

3 

3 

3 

4 


Sugar 

02. 

■ 


a 


H 

2-h 

24 


Approximate 
Composition 
OF Diet 


Carbohydrate 

• g- 

12 

20 

59 

64 

71 

114 

118 

Protein 

• g- 

14 

19 

2S 

38 

42 

48 

50 

Fat . 

• g- 

16 

23 

32 

43 

48 

55 

66 

Calories 


250 

365 

635 

790 

8S5 

1140 

1270 





GASTRIC ULCER 


549 


Diets 


Feeds Food 

by day 


8 

9 

lO 

I ! 

1 2 

13 

14 

Milk 

oz. 

5 

5 

5 

5 

5 

5 

5 

Buttered Rusk or 

I Cream Cracker 

No. 

— 

1 

I 

1 

2 

2 

2 

Gruel 

02. 


— 

— 

— 


— 


Sugar 

OZ. 

i 

i 

i 

I 

i 

1 

i 

Egg and milk 

oz. 

5 

5 

5 

5 

5 

5 

5 

2 Buttered Rusk 

No. 



1 

I 

I 

I 


Sugar 

oz. 

i 

i 

i 

1 

J 

i 

i 

Milk 

02. 

5 

5 

5 

5 

5 

5 

5 

t Buttered 

Cream Cracker 

No. 


I 

I 

1 


> 

•> 

Sugar 

oz. 

i 

i 

i 

i 

i 

i 

i 

Egg and milk 

oz. 

5 




— 


— 

Fish 

oz. 


2 

2 

2 

2 

2 

y 

4 Pudding 

oz. 


3 

3 

3 

3 

3 

3 

Buttered Rusk . 

No. 



— 

1 

I 

I 

2 

Sugar 

oz. 

i 

i 

\ 

i 

i 

i 

i 

Milk 

oz. 

s 

•5 

5 

5 

5 

5 

5 

c Buttered Cream 

Cracker . 

No. 


I 

1 

1 

1 

> 


Sugar 

02. 

i 

i 

J 

i 

] 

i 

1 

Egg and milk . 

oz. 

5 

5 

5 

5 

5 

5 

5 

0 Buttered Rusk . 

No. 


1 

1 

I 

I 

> 

> 

Sugar 

02. 

1 

k 

i 

1 

1 

J 

1 

Milk • . 

oz. 

5 

5 

5 

5 

5 

5 

5 

Pudding . 

02. 


3 

3 

3 

3 

3 

3 

7 Buttered Cream 

Cracker . 

No. 

■ ■ . 

. . 


1 

1 

t 

2 

Sugar 

oz. 

i 

i 

i 

I 

I 

1 

} 

Egg and milk 

oz. 

5 

5 

5 

5 

3 

5 


8 Buttered Rusk . 

No. 



1 

I 

1 

1 

> 

Sugar 

02. 

i 

i 

1 

i 

J 

1 

] 

Feeds Milk 

02. 

5 

5 

5 

5 

5 

5 

5 

Sugar 

nierhf 

oz. 

i 

1 

i 

i 

i 

1 

i 

if Milk 

OZ. 


5 

5 

5 

5 

5 

3 

2iwake Sugar 

02. 

i 

1 

\ 


1 

1 

i 
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Feeds 
by day 

Food 

• 


8 

9 

10 

11 

12 

13 

14 

Daily 

Milk 

02. 

46 

42 

42 

42 

42 

42 

42 

total 

Egg 

No. 

4 

3 

3 

3 

3 

3 

A 

3 


Butter 

oz. 

— 

li 

i| 

2i 

2i 

2| 

3 


Sugar 

02. 



A 

2 \ 

2i 

2j 

24 


Approximate 

Composition 

OF Diet 
Carbohydrate . 

g- 

158 

203 

208 

219 

230 

241 

286 


Protein 

g- 

71 

91 

92 

93 

95 

97 

104 


Fat 

g- 

83 

127 

130 

136 

154 

I6I 

180 


Calories 


1710 2380 

2440 

2550 2770 

2880 3270 


Arrangeynents of Feeds. Milk is given alternately with egg and milk 
every two hours by day, and during the night there should be t%vo milk 
feeds. On Diet I each feed consists of i oz. and is increased by i oz. for each 
successive diet reaching 4 oz. on Diet VII. 

Milk Feeds. Fresh whole milk previously boiled, or dried whole milk 
should be used. It mav be flavoured mth Ovaltine, Bournvita or Instant 
Postum if desired, or Horlick's Malted Milk, or infant food may be sub- 
stituted for some of the feeds. 

Sugar. If ordinary sugar is too sweet, glucose or lactose may be substituted. 

Pxtddiugs. Equivalent amounts of the following puddings may be 
substituted for milk throughout the diets. 

Custard-powder custard. 

Gruels made from flour of oatmeal, strained porridge, barley groats or 
patent barley. 

Jollies made with milk and orange jelly made with well strained orange 
juice and gelatine. Favoured water jellies may be given occasionally 
provided they are not very acid. 

lunket or blancmange flavoured with vanilla, almond or ratafia. Ovaltine 
or lk)iirn\ ita may be scattered on the junket if desired. 

Milk puddings made from sago, semolina, tapioca, vermicelli, barley 
kernels, cream of wheat, ground or flaked rice or very well cooked whole rice. 

Egg custard boiled or baked. 

Fish. Fresh haddock, hake, plaice, skate, sole, turbot, and also soft roes. 
The fish should be slightly salted, boiled or steamed and ser\-ed with milk 
and butter or plain while sauce. One tablespoon = i oz. approximately. 
No condiments except salt should be used. 

Water. This should be drunk between meals not more than 50Z. at a time. 

Orange Juice. This should be freshly pressed, and well strained; 3-4 oz, 
sliould be taken twice a day between feeds. 

.Yo/e. The continued use of raw eggs commonly recommended in the 
gastric diets and milk drips is surprising seeing that two raw eggs take 
■z{ hours to leave the healthy stomach, whereas two lightly boiled eggs 
take only ij hours {p. 203). Moreover some patients either feel ill after 
taking raw eggs or detest their taste. There is no reason why the eggs should 
not be lightly boiled and eaten in the ordinary way. If the egg is hard 
boiled, poached or scrambled it takes longer to leave the stomach. It is to 
be hoped that the use of raw eggs will decline. There is an additional 
reason for abandoning the use of raw eggs since it has been found that egg 
white destroys the vitamin biotin (p. 139). 
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is often found that patients may vomit after a b- or 8-oz. feed, but will 
not do so after 2-oz. feeds given at one- or two-hourly inters ah. The 
original Lenhartz diet has been much altered and the modification 
suggested by Abrahams and Widdowson* is easy to carry out. 

The Lenhartz and other gastric diets in their original forms contained 
very little ascorbic acid as all vegetables were omitted and the juice of 
oranges and lemons was forbidden because they have an acid tiiste. It 
has been found s. * that patients fed on these diets are in the sub- 
scurvy state and the degree of deficiency is especially great when 
patients have had a hsematemesis. Most patients have had symptom?, 
of dyspepsia some time before they seek medical aid, and it may be 
assumed that they have omitted from their diet the common source> 
of ascorbic acid. It was recommended (Archer and Graham) that loo 
mg. ascorbic acid should be given each day for three days to all patients 
with symptoms of gastric and duodenal ulcer and for four da>’S if «i 
haematemesis had occurred. Thereafter a maintenance dose of 
mg. should be given daily either in the form of orange or lemon juice 
(freshly pressed), blackcurrant puree or syrup, or hip and haw syrtip. or 
as pure ascorbic acid. 

The amounts of foods in Diets I-VHI are \’cry small seeing that the 
Calorie value varies from 250 to 1710, and these diets are rarely used 
nowadays for patients with gastric or duodenal ulcers, unless they haN’e 
severe epigastric pain and vomiting, which is often associated with <in 
acute gastritis. Patients taking these diets are having insutficient food, 
and will in consequence, live on their own fat an<i muscles, and will not 
be in nitrogenous equilibrium. The recovery of stroitglh will inevitabl\ 
be slow and the convalescence prolonged. The Diets IX-XI\ do iiot 
err in this respect since the Calorie value varies from ^ 

last diet would be suitable for a patient with a moderatel\' high fe\er 

(P-503). ^ ^ 

In 1934 Meulengracht* laid stress on the importance of hi-ding 
patients suffering from haematemesis with a fair amount of footl since ho 
found that the mortality was lower in his series of cases. 1 his princ iple 
is generally accepted now, and the Diets \TII-XI\' of the modilied 
Lenhartz arc very suitable for this purpose. .A patient who has had 
either an acute gastric or duodenal ulcer with or without hainatemesis 
should be started on Diet VIII and the meals should be given at 
2-hourly intervals. Some patients have either so much jiain or \’otniting 


> Abrahams, M.. and Widdowson, E. M. (1951). MoJeni Dietary Treatuu'ut. 

* Harris. L. 1 .. Abdasy, M. A., Yudkin. K-, and Kr.Li.Y. S. (1030). Lauert 
I. m88. 

* Arciibr, H. E., and Graham, C. {1036), Lancet. 2, 3O4. 

♦Portnoy, B., and Wilkinson, J. F. (1938), Drit. Med. Journ . i 5.S3 

* Meulbncracht, E. (1934}, Scand.. 59, 37-1 
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that they cannot tolerate this diet. Formerly Diets I-VII would have 
been tried, but nowadays this type of patient is given a continuous 
milk drip by means of a fine Einhom's tube which just enters the 
stomach. Six pints of milk and 3 raw eggs are mixed together, and 
allowed to enter the stomach at the rate of oz. an hour. This mixture 
will contain 150 g. carbohydrate, 127 g. protein, and 149 g. fat. Calorie 
value 2529. The patient vdU frequently respond to this treatment, and 
lose all his symptoms. Seeing that a lightly boiled egg is more easily 
digested and leaves the stomach more quickly there is no reason why 
the eggs should not be eaten 3 times a day instead of being taken raw, 
especially as some patients much dislike the raw egg and milk mixture. 
Further raw egg white destroys the vitamin biotin.1.2 The milk drip is 
usually continued for 7-10 days, and when all sjnnptoms have subsided 
the amount of milk is gradually reduced and Diets IX or X cautiously 
instituted until the full diet is being taken, when the Einhom’s tube 
should be removed. If the diet has to be continued for some time, it is 
advisable to give adequate amounts of other vitamins, say: 

Vitamin A . . . 3000 I.U. 

Vitamin D . . . 600 I.U. 

Thiamine ... 9 mg. 

Riboflavin ... 3 mg. 

Nicotinamide ... 50 mg. 

and if orange and lemon juice is not given, ascorbic acid 50-100 mg. 
a day. 

The after-treatment is very importaiit if the ulcer is to heal soundly. 
Alcohol should not be allowed as it is liable to cause or keep up a 
gastritis. The use of foods highly seasoned with mustard, pepper, spices, 
and condiments of all kinds should be forbidden for the same reason. 
Tea and coffee should either be forbidden or only allowed if well diluted 
with water or milk. Cane-sugar should not be given because it causes 
a large secretion of mucus; glucose and lactose are said to do less harm. 

The smoking of all kinds of tobacco should be forbidden. The evil 
effect of tobacco is probably due to the nicotine and its decomposition 
products, e.g. pyridine, being dissolved in the saliva and so sw^owed. 
The taste of the saliva of a hea\w smoker can be best appreciated by 
a non-smoker if, when working in a laboratory, he uses the distilled- 
water wash bottle of the smoker. Many patients find great difficulty in 
giving up smoking. 

Jejunal Feeding 

If the ulcer is very large or heals very slowly in spite of the milk drip 
resort may be had to jejunal feeding. 

1 Sydenstricker et al . (1942). Jotirv. Awer. Med. Ass.. 118. 1199. 

2 Dam, H. (1939). Lancet, 2, 1157, 1162. 
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A soft pliable Einhom’s tube is passed into the stomach and after 
the tip has passed the pylorus it is pushed onwards until the tip is 
32 in. to 35 in. from the lips. The initial feeds should consist of i raw 
egg beaten up, 150 ml. (5 oz.) milk and 15 g. (A oz.) lactose. This is 
strained through several layers of gauze warmed to a temperature of 
100* F.; placed in a receiver 4 in. above the upper surface of the 
abdomen. The size of each feed is increased by 10 ml. (J oz.) each da\’ 
until 210-240 ml. are administered. The tube is left in position and 
washed through after each feed with normal saline and air. Extra fluid 
is given on the second day in the form of 350 ml. of one-third normal 
saline twice a day and the volume is increased up to 750 ml. b.d., 
100 mg. ascorbic acid should be given daily. Ten feeds were given but 
it is better to use the "continuous” drip method. 

An alkaline powder consisting of magnesium oxide gr. 3.. bismuth 
subnitrate gr. 15., water to i oz. is given by mouth between feeds and 
a double dose at night so as to ensure that the stomach mucosa is 
always alkaline. 

The tube is removed after two weeks and a Diet 9-12 is given for 
the next two weeks. 

A jejunostomy is sometimes performed if patients with se\ere 
gastric diseases suffer from uncontrollable vomiting, alkalosis and renal 
failure which cannot be controlled by intravenous theraj)y. 1 he patients 
must be fed by this route for some weeks. The indwelling catheter must 
be size 17 or greater. 

Scott and Ivy have been able to keep dogs alive and well with the 
following mixture which Colp and Druickerman^ have used with 


success on men. 

Four hours after the jejunostomy 60 ml. of warm normal saline are 
given every 2 hours. After 12 hours Co ml. (2 oz.) of the Scott-lvv 
pabulum is given every 2 hours alternately with 60 ml. (2 oz.) saline. 
The quantity of the feed is gradually increased to 120 ml. (4 oz.). 

If the ulcer does not heal after a good trial has been given to tlK'?e 
various measures, a partial gastrectomy sliould be con.sidered. 

Scott-Ivy Pabulum.^ Sugar 150 g.. water 3000 ml. Add peptone too g. 
and wait till it dissolves. Heat to 60 C. for a few minutes and aild it 
to 300 g. of wheat flour making a paste at first and then diluting it 
with all the peptone and sugar. Then add 2000 ml. milk mixed with 
1000 ml. cream 20 per cent, and bring to a boil quickly, stirring \ igor- 
ously, but do not aUow to boil. Maintain just below the boiling point 
until it thickens to the consistency of a thick cream soup. Cool and 
place in a refrigerator where it will keep for 4-5 days. 


^ Colp. R., and Druickerman, L. J. (i 943 ). Atm. of Suf^cry. 117. 3^7 
* Scott, H. G., and Ivy, A. C. (1931). Ann. of Surgery. 93. ii 97 ’ 
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loo ml. contains Protein . . 3'5g- ' 

Carbohydrate . 8-i =85 Calories. 

Fat . • 4*3 J 

Add 10 c.c. emulsified bile. 

3000 ml. will supply 2550 Calories 
Vitamins. Vitamin A . 3000 1.U. 

,, D . . 600 I.U. 

Thiamine . . 9 mg. 

Riboflavine . . 3 mg. 

Nicotinamide . . 50 mg. 

Vitamin C . 100 mg. 

Diets in Conv.\lescence from Acute Dyspepsia 

Diets Nos. i, 2, and 3 are useful for convalescence, and if a patient 
can take Diet 3 without any sjTnptoms he maj' then begin to return to 
an unrestricted diet. He should understand that as soon as any symp- 
toms return he should use the convalescent Diet i, and if the sjTnptoms 
continue should use a lower stage of diet, say the 9th Lenhartz Diet. 

Diet I. Eight feeds should be taken during the day, the first on 
waking: milk and biscuits should be taken during the night whenever 
the patient wakes. The four main meals which are given below, should 
be equal in size, and small "between” meals should be given about two 
hours after the main meals. These behceen feeds should consist of: | pint 
of warm boiled milk, flavoured if desired with cocoa, Bournvita, 
0\’altine, Marmite, Horlick’s, Benger's, or the like. Cream crackers, 
rusks, or other plain biscuits, not wholemeal. If the beverage and bis- 
cuits cannot be obtained, one or other will suffice, and should neither 
be obtainable a piece of plain or milk chocolate may be eaten slowly. 

\\’ater (not iced) up to \ pint may be taken between feeds, and a 
small amount with meals. 

The well-strained juice of an orange should be taken twice daily, 
preferably between feeds. Fresh-strained tomato-juice may be sub- 
stituted occasionally, or a glass of tinned tomato-juice, or black- 
currant juice or purde, or hip and haw' synip. In cases where fruit juices 
are not tolerated, one or two tablets of ascorbic acid {25-50 mg.) 
may be substituted. 

Food should be cooked with a little salt, but no other condiments. 

Diet II. If desired the number of feeds may be reduced to seven, 
and the interval between them increased to tw’o and a half hours. The 
main meals should be somewhat bigger than the between feeds. 

Diet III. This is an easily digested normal diet suitable for constant 
use by patients who have suffered from gastric or duodenal ulcer or 
other continued gastric disturbance. Tlie interval between meals may 
be increased to three or four hours, and the number reduced to four or 
five. The main meals should be of nonnal, medium size If the patient 
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ought to gain weight, three or four "between" feeds should be given. 
They should also be given if any discomfort is felt in the interval 
between meals. 

Diet III Adapted for Achlorhydria. No between feeds should 
be taken. Only small amounts of fluid should be taken with meals, the 
rest being drunk between them. Each meal should be begun with a 
mild appetizer such as tomato, orange, or grapefniit juice, or a small 
teacupful of Marmite. The latter should be taken daily as a bexerage 
or sandwich spread. 

Diet I 

Breakfast. 

One egg, lightly boiled or poached. , 

White bread, stale and crustless, cut thinly, or crisp toast {not hot;, 
butter. ,, . 

Honey (run), golden syrup, apple, black currant, or bramble jc i<.s, or 

strained jelly marmalade. 

Weak tea or cocoa with plenty of milk. Sugar if dcsiren. 

Dinner. . 

Fresh white fish, boiled or steamed, or stewed sweetbreads, brains or tape. 

Plain white sauce if desired. , 

Mashed old potatoes or crustless stale white bread, cut tlunlj-, <t plain 
biscuits. 1 - 1. . 

Milk pudding, custard, junket, blancmange, jelly, or plain steamed ca o • 

mixture pudding. 

Tea. 

White bread or toast and butter as at breakfast. 

Honey, etc., as at breakfast, or Marmite. 

Plain sponge or Madeira cake or biscuits. 


Supper or Lunch. 

One or two eggs lightly boiled or poached, or fresh cream or milk ciueM 
Cream crackers, rusks, or other plain biscuits. , u 

Warm boiled milk, if desired, flavoured with cocoa, Bournxita. Ox.tltin , 

Benger's, Horlicks, or the like. 

Pudding as at dinner, if desired. 


"Between" Feeds. , , . 

Milk 4 oz. flavoured with cocoa, Bounivita, Ovaltino, Hor ic v 
food and plain biscuit. 

Interval between meals and "between" feeds: — two hour?>. 




^ot allowed. 

«eer. stout, whisky, and other alcoholic drinks, and mineral waters xcc[.i 

soda-water), , , 

Brown bread, new white bread, rolls, buns, porridge, and digestiv.-, xMiou - 

meal, ginger, coco-nut, Vitawcat. or Kyvita biscuits. 

Coffee. 

I'ish with fine bones, such as herrings, or salt fish and salmon 

I ned foods of all kinds. 
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Fruit, skins, seeds and hard fruits such as raw apple, pineapple etc. 

Jam, peel of marmalade, currants, and other dried fruit, nuts, seeds. 
Meat, bacon, ham, sausages, chicken and rabbit. 

Pickles and rich sauces, vinegar, condiments, added salt, or other seasoning 
Soups, meat extracts, and Marmite. 

Suet puddings and pastry. 

Vegetables (except those given above), new potatoes, parsley and salads. 
Smoking. 


Breakfast. 

The same as in Diet I. 


Diet II 


Dinner. 

As Diet I, with the following additional alternatives: 

Boiled or roast chicken (no skin or gristle) or stewed rabbit. 

Flower of cauliflower, sieved carrots, spinach, peas or tomatoes. 

Baked or stewed apple (no skin or core), sieved stewed prunes, apricots, 
peaches or pears, fresh or tinned, or sieved raw bananas. 

Tea. 

The same as Diet I. 


Supper or Lunch. 
The same as Diet I. 


Interv’al between meals and feeds, two to two and a half hours. 
A'o/ allowed. 

The same foods as in Diet I. 


Diet III 

Bre.akfast. 

.\s Diets 1 and II with tlie following additional alternatives: 

Finely ground brown bread. 

I'resh white fish, steamed or grilled, or a second egg. 

The eggs may be buttered. 

Dinner. 

.\s Diet II with the following additional alternatives: 
fender lamb or mutton, veal, liver, tongue, or ham. 

Grapes, soft ripe plums, pears, and peaches, avoiding skin, pips, and 
stringy portions, 
lioiled old potatoes. 

Wgetablcs and fruit in Diet II need not be sieved. 

Tea. 

.As Diets I and II with the following additional alternatives: 

F-'incly ground brown bread. 

I’liim or apricot jam. 

Supper or Luncit. 

.As Diets I and II witli the following additional alternatives: 

Steamed or grilled fresh white fish, chicken, etc., as at dinner. 

W'gctables and fruit as at dinner. 



THE DUMPING SYNDROME 
Interval between meals and feeds, three to (our hours. 
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Not allowed. 

As in Diets I and 11 except that the following are now allowed: 

Fish with fine bones such as herrings or salt fish and salmon. 

Jams, peel of marmalade, currants and other dried fruit. 

It should be remembered that not all the “allowed” foods are suitable for 
evepr patient and that not all the “not allowed” foods disagree with every 
patient, since it depends on the individual’s likes and dislikes and on what 
he has found to agree and disagree. Witliin limits he should be allowed to 
pick and choose for himself. 


The “Dumping” Syndrome after a Partial Gastrectomy 

A partial gcistrectomy may cause mild or ver>' severe symptoms in a 
few patients. These may come on very soon after a meal or about 1 1 to 
2 hours later. The early symptoms, i.e. fullness and abdominal dis- 
comfort are due to the rapid emptying of the small stomach with the 
resultant distension of the jejunum. The symptoms can be alleviated or 
prevented if the patients cither eat their meals Ijdng down, or lie down 
immediately after the meal is fmislied. This procedure prev ents the 
stomach emptying so rapidlj' under llie influence of gravity and it is 
thought that the jejunum is not so distended. The meals should be small 
and frequent so as to maintain an adequate Calorie value. Fortunateh- 
the condition in the great majority of cases improves after a time and 
these two measures help considerably. 

The other symptoms which develop il to 2 liours after the meal are 
also a direct cause of the rapid emptying of the stomach into the 
jejunum. The sudden influx of the carbohydrate causes a more rajHil 
absorption of sugar into the blood. The hj'perglyc.xmia which results is 
of short duration and is followed by hypoglyca*mia which causes the 
symptoms (for details of treatment see j). 521). 

Acute and Chroni c Gastritis 

The disease may start with vomiting, ami this may be so severe that 
even i-oz. feeds of milk are rejected. In this case fluid should be given 
per rectum either as a 5 or 6 per cent, solution of glucose in tap water 
or J or ^ normal physiological saline or Ringer’s Solution, (luo ml. 
(1 pint) may be given 4-hourly or in the form of a continuous drip. 
3000 ml. a day (5 pints). When the gastritis is severe it may be accom- 
manied by an acute enteritis, which renders the giving of fluid j)er 
rectum impossible. In these cases the fluid should be given intraven- 
ously or intramuscularly, cither as a continuous drij> of 5 per cent, 
glucose in J or normal physiological saline or Ringer’s Solution, or 
000 ml. may be given three to four times a <lay (p. 607). When the acute 
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condition either improves sufficiently for the patient to be fed by moutli 
or is not severe enough to cause vomiting the early stages of the Len- 
hartz diets should be used. It is usually possible to increase the diets 
much more quickly than if an ulcer is present. 

In the treatment of chronic gastritis the condition will usually 
improve quickly with Lenhartz Diet VIII. If there is real delay in 
recover}' a milk drip should be given into the stomach. When the 
symptoms disappear the diet can, as a rule, be increased more quickly 
than in the treatment of gastric ulcer. 

Alcoholic Gastritis 

It is essential that all alcohol should be given up even if the patient 
says that alcohol is the only thing which enables him to eat a meal. 
If vomiting is a prominent feature the patient should be in bed and 
small divided meals should be given, say Lenhartz Diet 8 or lo or a 
milk drip. Double the amount of vitamins recommended should be 
given since many of these patients have had a poor diet for some time. 
The diet can be increased fairly quickly as soon as the ill effects of the 
alcohol have passed away. 

Dilat.\tion of the Stomach 

Complete Pyloric Obstruction. When the diagnosis has been made 
tluid should not be given by mouth as it cannot pass the pylorus. At 
least 3000 ml. of fluid should be given either per rectum or intraven- 
ously or intramuscularly or by sternal puncture (p. 607). It is essential 
to give large amounts of ascorbic acid as Payne* showed that in 12 out 
of 51 cases, peritonitis was a serious complication after any operation 
on the stomach, and that the wounds showed no sign of healing. Archer 
and Grahams suggested that this was due to a lack of ascorbic acid. 
They recommended that at least 3000 mg. should be given before any 
operation. The electrolyte content of the blood is usually upset by the 
vomiting and estimation of the sodium and potassium of the serum 
should be made and the deficiencies corrected by intravenous therapy.^ 

The patients are usually in the sub-scurvy state and it is important 
to give at least 3000 mg. of ascorbic acid. If the pyloric obstruction is 
severe it is necessaiy' to give it intramuscularly. 

If large doses of ascorbic acid are given intravenously some will be 
excreted in the urine and suggest that the patient w'as not in the sub- 
scurvy state. One of us (G. G.) has found that 300 mg. can be given 

> r.vYNE. R. T. (I9j6). St. Dart's Hosp. Reports, 69, 191. 

- .\RCHER. H. E., and Graham, G. (1936), Lancet. ll, 364. 

^ Graham, G. (* 954 )/ R>'it. Med. Journ., 1,225. 
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intravenously twice a day without causing much loss of ascorbic acid 
in the urine. If this amount is given for five days the risk of the wounds 
failing to heal is very small, but it is advisable to give a daily dose of 
1000 mg. of ascorbic acid for the first three da3 S after the operation. 

Partial Obstruction. It is often uncertain whether the dilatation 
of the stomach is due to an organic obstruction or to an atoin- of the 
walls of the stomach. The food should consist of milk, egg and milk, or 
milk and cream, or other substances which will pass through the 
pylorus easily. About 200 g. of glucose should bo addetl to the feeds 
during the day. Two or three ounces of the mixture should be given 
every one or two hours during the day. A stomach tube should be passed 
two or three hours after the last meal, say at g or 10 p.m. I he contents 
should be withdrawn with the aid of a Sonoran’s bottle, and should be 
measured. The stomach should then be washed out with water once or 
twice and completely emptied. Finally’ 200 ml. (7 oz.) of a solution 
containing — 

Ammonium chloride • 3 7 -t g- 

Sodium .. • • • 

Potassium 

Water ..... 1000 ml. 

should be run into the stomach to pre\’ent loss of electroh tes. If l.irge 
amounts of fluid are recovered each night, some fluid should he gi\’en 
per rectum so as to prevent the patient from suffering from loss of lluii.1. 
A good idea of the progress of the case can be gained b\‘ the amount of 
fluid withdrawn each night. If the amount recovered each night shows 
no decrease in about two weeks it is probable that the dilat.ition is due 
to an organic stricture. The electrolyte content of the blood should be 
investigated and any deficiencies corrected hy intravenous tlniap\' 
(P- 607). If the dilatation was due to atony of the muscles these itjas’ 
regain their tone with the rest and the amount of fluid removed each 
rtight will get less and less. If this occurs the diet can be increased but 
the amount of fluid which is given should be small, say 1200 inl. (il 
pints) and a diet suitable for flatulent dyspepsia is of value (p. 

Ascorbic acid should be given in the same dosage as for patients with 
complete obstruction. It may be necessary to give it intramusciilaiiv 
if much fluid is removed each night, as little of the ascorbic acid m.it’ he 

absorbed. 

Non-obstructive (Atonic Dilatation). In cases of atonic dil.it. ition 
the diet should be the same as for flatulent dyspejisia (p. 362). 

Functional Dyspepsias 

Under this heading one may group for convenience that l.irge ami 
heterogeneous class of patients in whom pain occurs after dumIs, but 

Nipd 
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in whom no organic change in tlie organs of digestion can be discovered. 
In some of these cases the chemistry of the stomach is at fault, in more 
there is a disorder of motility, but in some there may be a hyper- 
esthesia of the stomach, an undue sensitiveness to normal irritants. 

In treating them it is essential to keep one or two principles clearly 
before one’s mind, (i) Every effort should be made to discover the cause 
of the condition and to exclude the presence of other disease. {2) In 
many of these cases the patient’s general nutrition requires to be 
considered rather than his mere gastric sensations. If the nervous 
system and blood can be raised to a proper level of health, the dyspeptic 
symptoms often disappear spontaneously. For this reason great harm 
may be done by too strict dieting. The tendency in such patients is to 
go on cutting off one article of food after another until a state of 
semi-starvation is induced, in wliich it is impossible for any organ in the 
body properly to perform its work. Instead of adopting this plan, it 
would be well if such patients could be induced to follow the advice of 
King-Chambers, and add to the diet any article of food that had once 
been found to agree, rather than to cut out of it anything that had ever 
disagreed. (3) Mental and physical rest, preferably in bed, is a great 
and sometimes indispensable aid to treatment. It acts both by econo- 
mizing vascular and nei^-ous energ)' and by enabling nutrition to be 
efficiently carried out upon a minimum quantity of food, and therefore 
with tlie least amount of labour on the part of the digestive organs. 
(4) In no class of gastric disorders does the question of idiosyncrasy 
play a greater part than in this. Due regard must therefore alwaj^ be 
paid to the inclinations of individual patients in arranging the diet- 
sheet. 

In all cases of this class, the same elementary dietetic rules must be 
observed as in other forms of digestive trouble. The food must be in a 
suitable physical form, all notoriously indigestible articles being 
avoided; the meals should be properly arranged, and chewing carefully 
performed. 1 o these simple directions one need only add that good 
cooking and attractive presentation of the meals are here of the first 
importance. 

In all cases the most easily-digested foods should be selected, these 
being 

(a) Meats: Mutton, venison, sweetbreads, chicken, tripe, rabbit, 

grouse, i)artridge, pheasant. 

(b) Kish: Whiting, sole, turbot. 

(c) barinaceous foods: Crisp toast, rusks, plain biscuits, rice, tapioca, 

sago, arrowroot. 

(r/) Vegetables: .Asparagus, sea-kale, spinach, cauliflower. French 
l>cans. 

{e) bruits; Baked apples, or the juice of oranges or grapes. 
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“Rich dishes," twice-cooked meats, sauces, pastry, i)ickles, cheese, 
sweets and preserves should be avoided altogether. Meat 
should be slightly underdone; fish should be boiled or steamed, 
or if it is deep fried, the batter coating should not be eaten. 

The special rules of diet will depend upon the particular form of 
dyspepsia with which one has to deal. For practical purposes one may 
distinguish the following varieties: 

1. Defective secretion (hypochlorhydria, achlorhydria and achylia). 

2. Excessive secretion (hypercholrhydria). 

3. Defective motility (“atonic” dyspepsia). 

4. Excessive sensibility (gastralgia). 

The principles to be observed in prescribing rules of diet in each of 
these forms may now be briefly discussed. 

1. Defective Secretion. There may be no sym])toms of dyspepsia in 
patients with hypochlorhydria or complete aclilorhydria, and if so 
dietetic regulations are not required. Some of these patients have pain 
and discomfort immediately after the meal is taken and c.xaminalion 
of the gastric contents and with X-rays show that the stoniacli empties 
very quickly. The foods should either be pounded, minced or sieved, so 
as to ensure the food being finely divided when it reaches the intestines. 
In mild cases, thorough mastication of the meat, etc., may suffice. Ihv 
rapid passage of the food may be redxiced or prevented by giving fatty 
foods with the meals, or an oil like odourless cod-liver oil, olive or 
almond after the meal has started.* 

Directions for Diet in Achlorhydria. 

1. The diet should contain the usual amount of eggs. milk, cheese. 

fish and meat. (The latter two may have to be poumlecl or 
minced.) 

2. Salt, pepper, mustard, meat extract, Marmitc. gravies, meat soup, 

spices, pickles, condiments, arc all<)\ve<l in normal amounts, 

3- Bread, potatoes arc allowed. 

4. Orange- or lemon-juice, freshly pressed, 4 oz., or other fresh Iruit 
should be taken once or twice a day. H these disagree, J5 mg. ol 
ascorbic acid should be given each day. 

5- Fluid should not be taken at meals though one glass of wmc. red 
or white, is allowed. 

6. Hydrochloric acid dil. B.P., minims 15. may be taken in 3 o/.. ol 
water with the meals. 

?• Sufficient fluid should be taken either half an hour before meals or 
two hours after meals to relieve thirst or any discomfort fri>m 
lack of fluid. At least 2 to 3 pints of fluid should be taken daily. 

2. Excessive Secretion. The diet wliich is used for the treatment of a 
gastric or duodenal ulcer is most suitable for this condition- 1 1 is usu.illy 
sufficient to give the 8th or 10th Lenharl/. diet and if the coiulition is 

* Roberts, M. (1931), Quart. Journ. Med., 24, 133. 
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not severe the patient need not be in bed. Once the symptoms have 
abated the convalescent diets recommended for patients with gastric 
ulcer should be used. 

There is both experimental and clinical evidence^. 2. 3 to show that 
fats and oils have a restraining influence on gastric secretion. Linseed 
oil is unpleasant to take but cod-li\’cr oil prepared from fresh liver is 
more palatable than it used to be. Olive or almond oil are less effective 
but pleasanter to take. It is advisable to vary the kind of oil used. 

I he usual dose is i oz. and it should be taken before meals. 

I'ooils rich in carbohydrates, on the other hand, mu.st be eaten 
sparingly, as free acid afipears in the stomach very early after their 
use, iiiul the coiu-ersion of their starch by the saliva is interfered with. 
I'ur this reason the addition of malt to farinaceous foods is often of 
great service in cases of hyperacidity. 

3. Dcjrclive Sfotiiity (.\tonic or i*'latu]cnt Dysjjepsia). In this fonn 
"f tl\s])e])sia tlie mechanical form of the food, as in cases of defective 
s< rretiiin, is of chief importance. It is essential to avoitl burdening the 
>toniaeh with large (piantities of material, especially such as is of a 
bulky sort (e.g. gr«en \a‘getabics). Tlie simultaneous presence in the 
stoma( li of solid.'; and litjuids is siiecially injurious, for in such circum- 
stances the fluid part of the meal is retained fi»r a long time in the organ, 
iiiid tends to dilate it by its mere weight. T he meals should therefore be 
dr\ , and care should be taken not to drink for at least two hours after 
soli'l f'lod has been taken. 

if llatuk'iu'e' is much complained of— as it i>flen is — green vegc- 
tal'les, p( as and l)e.ins .'•liould be avi>icied altogether, on account of 
llair windy ten<Ien(y, and th«' starchv foods should be strictly 
litniied. 1 lu' neces-siiy h-r reducing the starches in flatulence is a prin- 
eijTc derived from e.vperience for which it is diflicnlt to find a satis- 
‘aitoiy reason. It certainly does not reside in the "fermentable” 
character of starchy fncul, f..r the llatuleiice of atonic dyspep.^ia is not 
due to fermentation Miie,- the "wind” hnnight up consists mainly of 
air which ha.s been sw.dk'wed and not of the gases of fermentation, i.e. 

1 .11 bon ili< ‘.xide and nu 1 ha tie, I hit there is no dotibt ab(‘Ut the practical 
h.irmfulness of the c.irboh\'drales, e.xplain it how one nia\' 

Restriction of l 1 ui<ls is also id special importance in cases of flatu- 
lence. tea, espeei.dly, being i>eculiarlv noxiou.s to some of these patients. 
On the other hand, it is in atonic dyspepsia that the moderate use of 
.deoholic beverages at meals, preferabl\- in the form of a little good 

> P.XVLOV. I V ,U,02). -l/:r ihi Gla.uU. }>. iN,. 

j GiLiiFRT. J. A. I... an.l I>t niop, O. W. (i,,.,;). Itrit Med. /ci.oifl/, 2. 330. 

' ir.\STINC.-J,\MKS, R 7 . 1.4.,., j. ,3,8. 

Matel.nre may I..- ih..- u. the MvalhminV of a,r an.l tan he prevented On 
i'l.irinffafMrk inch) betxs.en thoteeth for lo minutes after meals. 
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wine, often gives the happiest results, for alcohol is a stimulant both to 
the secretory and motor functions of the debilitated stomach. 

The above general principles may be summed up in the following 
directions: 


Directions for Diet in Atonic .\nd Flatulent Dyspepsia. 

1. The following articles should be avoided: 

Green vegetables (except sie\ed spinacli and cauliflower topMi 
turnip and carrots: peas, beans, and lentils: fruits (cxcej^t the 
pulp of baked apples or of stewed prunes): sugar and jam; 
soups. 

2. Potatoes should be taken very sparingly. 

3. Crisp toast, rusks or pulled bread should be taken in place of 

ordinary bread. 

4. Orange- or lemon-juicc, freshly pressed, or otlKT fresh fruit should 

be taken once or twice a day. If tliis disagrees 25 nig. of 
ascorbic acid should be given each day. 

5. As Hale fluid as possible should be taken at meah. .\ little h<jt water 

may be sipped between meals if flatulence is tronlilesoine. 

6. Tea should be avoided entirely if it is always followed l)y ilatuleiice, 

and coffee or cocoa taken with plenty of milk unic.ss the\’ also 
disagree. 

Tile above rules are applicable in all cases of atonic dyspepsia of 
moderate degree. 


Diseases of the Intestines 

In the acute diarrh<eq_ due to food poisoning all food shoiiKl be 
withheld until the acute Ttage is over. Water should be git eii by mouth, 
4 or 6 oz. every one to two hours, to prevent the body l)eeoming 
dehydrated. Four to five pints of fluid, 2400-3000 c.c.. sluuild be giwn 
tn the 24 hours. Barley water, rice water, lemon- or orango-juice. 
strained and well diluted, are all of value, and sugar shouhl be ad«led to 
.the feeds so that at least 200 grammes {6A oz.) are taken in tlie d.iy. 
If the condition is very severe the patient loses so much Iluid that the 
blood becomes concentrated. The electrolyte content of the blooil will 
be disturbed. It is essential to estimate the amount of sodium and 
potassium in the blood serum so that the correct amount of potas-ium 
wd sodium chloride and water can be given to correct the condition. 
This procedure has greatly reduced the mortality of severe ga.stro- 
enteritis in children, and of dysentery and cholera in adults. Ihe fast 
can be broken either with milk and water, or milk thickened with one 
of the cereal preparations, arrowroot, rice, cornflour, sago, or one i>f 
the patent ceresj foods like Benger’s or Farex. Gra\'>' soup, well 
grained, or one of the patent meat extracts arc often of great \ alue. 

aw meat juice was formerly recommended, but should not be used 
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because of the risk of carrying the eggs of parasites. Albumen water is 
expensive and offers little advantage over plain water. 

In acute dysentery or acute ulcerative colitis, when the number 
of stools is very great, the diet should be the same as that for an acute 
diarrhcea. 

In chronic diarrhcea, chronic dysentery, and ulcerative colitis all 
foods like vegetables and fruits, which leave a residue, are forbidden. 
A suitable diet is shown in the following table. 

Low-residue Diet 

Bre.\kfast. 

Tea or coffee with milk and sugar to taste. 

Puffed rice, cornflakes, or patent barley, \vith milk and sugar. 

Boiled, poached, or scrambled eggs (not fried), or boiled or steamed white 
fish, or smoked haddock. 

White bread and butter. 

Honey, golden syrup, black treacle, strained jelly marmalade, or jelly. 
Mid-morning. 

Coffee, cocoa, milk, or any other form of milk food. Sugar to taste. Plain 
biscuits (not digestive, wholemeal, coconut. Vitaweat. or Rjwita). 

Dinner. 

Bijiled or steamed fish (except herrings and other fish containing small 
bones), or rabbit, chicken, sweetbreads, brains, tripe (no onion), or 
minced tender lamb. 

Gravy or white sauce (not containing parsley or any other vegetables). 
Mashed old potatoes. (No other vegetables are allowed.) 

Milk pudding, custard, blancmange, junket, plain jelly, or steamed cake 
mixture pudding (no fruit, jam, etc.). 

Chocolate may be eaten after meals, or used as flavouring. 

Tea. 

Tea with milk and sugar to taste. 

White bread and butter. 

Honey, golden syrup, black treacle, jelly, cream cheese, or Marmite. 

Sponge or plain inadeira cake (no fruit, peel, seeds, or nuts) or plain biscuits 
(not digestive, wholemeal, coconut. \'itaweat, or Ryvita). 

Supper. 

Tea, coffee, or cocoa made with milk, or any other form of milk food. 
Sugar to taste. 

White bread or plain biscuits and butter. 

Eggs, white fish, smoked haddock, soft cheese, or pudding. 

Mashed old boiled potatoes and sieved vegetables. 

Bedtime. 

Cocoa, milk, or any otlier form of milk food. Sugar to taste. 

Plain biscuits if desired. 

Well strained and sweetened freslily pressed orange, lemon, or grapefruit 
juice should be taken two or three times a day. 
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The foods may be arranged according to taste. 

Meals should never be eaten in a hurry, and at least ten minutes’ rest 
should be taken after finishing them. 

^ - 

Foods yiot allowed 

All foods which leave a residue after digestion. These include: 

Biscuits, such as digestive, wholemeal, coconut, macaroons, \’ita\veat, 
and Ryvita. 

Brown bread, wholemeal, and other varieties. 

Fish with small bones (eels, herrings, kippers, bloaters, and sardines). 
Fried foods. 

Fruits, stewed, tinned, or raw, except strained orange, lemon, or grape- 
fruit juice. 

Jams, peel marmalade, and dried fruits, such as currants, sultanas, 
cherries, etc. 

Meat, except rabbit, chicken, sweetbreads, brains, tripe (no onion), or 
minced tender lamb. 

Nuts. 

Porridge, Shredded Wheat, and all wholemeal cereals. 

Salads and parsley. 

Vegetables (unless well sieved), e.xcept mashed old potatoes. 

If the diarrhoea is associated with achylia, the diet suitable for tliis 
condition should be used (p. 561). If the stools are acid in reaction the 
amount of starch in the diet should be reduced to a ininiinuni; when 
the diarrhoea has ceased the carbohydrate should be cautiously in- 
creased. If the stools are alkaline in reaction, the smell is often very 
offensive. Meat should be withheld, but milk, cheese and carbuln drates 
are usually well tolerated. If the stools are acid, meat (minced) should 
be given early. When the diarrheea ceases fish and meat should be 
added gradually. 


Diseases in which there is an increase of fat in the stools are: — 


(а) Coeliac disease. 

(б) Tropical sprue. 

(c) Idiopathic steatorrhoca. 

{d) Fibrocystic disease of the pancreas. 
{«) Carcinoma of the pancreas. 

(/) Severe pancreatitis. 


In all these conditions the dried stool contains more than 25 [n r cent, 
of fat, and the amount of fat absorbed decreases from the usual 90-95 
per cent, to 60 per cent, or less. The sugar tolerance curve is ll.iltened, 
and for the first 45 minutes and thereafter there is a varialde rise. Urea 
IS also absorbed more slowly than usual. In coeliac disease, tropical 
sprue and idiopathic stcatorrhoea the ferments amylase tryi'sin and 
ipase are present in normal amounts in the duodenum, whereas in 



566 DIET IN TREATMENT OF DISEASE 

fibrocystic disease of the pancreas and carcinoma of the pancreas and 
chronic pancreatitis they are much reduced, or absent. In spite of this 
difference the fat in both types of disease is weU split, but is not 
absorbed, so that the stools are large, pale and evil smelling. Bacteria 
are very numerous and fermentation of the carbohydrates takes place, 
making the stools very frothy. The cause of the condition differs in 

each case. vu • 

Cceliac Disease. The condition is noticed soon after the child is 

weaned and given starchy food and is often well marked at the age of 

one year. It was pointed out by Howlandi that the condition improved 

when wheat flour w'as removed from the diet. Although this was 

confirmed by Sauer,* and Haas* little attention was paid to it until 

Andersen^, Sheldon* and Dicks* again drew attention to this point. 

In 1950, Weijers and van den Kamer’ showed that when the gluten 

was removed from the wheat or rye flour the children improved. This 

has been abundantly confirmed by Frazer and his colleagues in 

Birmingham.*, *. The condition recurs again as soon as wheat or rye 

flour or gluten is added to the diet. 

If tlie condition is of short duration the removal of all gluten- 
containing foods may be sufficient. But if it is of long standing and the 
child is ill a low fat— high protein diet should be given. Biscuits made 
from (Soya bean flour 6 02.. butter 4 oz., sugar i oz.) Sheldon** were 
useful, but are unnecessaiy' noiv. 

Bru.vkfast. 

A high protein milk drink, either Prosol, Casilan or high protein Truefood. 
Biscuits, made from gluten-free cereals or soya bean flour, 
lain, honey, golden S)Tup. black treacle. _ _ . 

.Apples (stewed), banana (mashed), fresh orange, lemon or grapefruit juice. 

Mid-morning. 

A high protein milk drink. 

Biscuits of gluten-free cereals. 

Dinner. 

Fish, boiled or steamed in skim milk, tomato sauce thickened with wheat 
starch. 

* Howland, J. (1921). Trans. Amer. Pe.iiat. Soc., 33, 11. 

2 Sauer. L. W. (1925). Amer. Journ. Dis. Child., 29, 155. 

3 Haas, S. V. (1938). Journ. Pedial., 13, 390. 

Andersen, D. H. (1947), yo«r»i. Pedial.. 30, 564. 

* Shbldo.n, W. (1949), Arch. Dis. Child., 24, 81. 

* Dicks, W. K. (1950). Coeliakic, Utrecht. M.D. Thesis. 

’ Weijers, H. A., and van den Kamer, J. H. (1950), Central Jnst. v. Voeding- 
sonderzoek, T.N.O., M.113, Utrecht. 

* Anderson, C. M., and Frazer, .A. C.. el al. (1952), Lancet, i, 836. 

* Anderson, C. M., and Frazer, .A. C.. et al. (1054), Gastroenterologia, 81, 98. 
Loc- cit. This recipe is in the Sheldon paper already referred to. 
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Chicken, rabbit or minced meat. liver (stewed in skim milk). 
Green vegetables and mashed potato. , ^ 

Milk pudding made with skim milk, rice or gluten- rce 

with jam or treacle. 

Fresh or stewed fruit. 


llavourcd 


Tea. 

A high protein milk drink. 

Gluten*free biscuits. 

Jam, jelly, marmalade, golden sjTup. black treacle, 
extract. 

Mashed banana or fresh fruit juice. 


Marmitc or iue.it 


Supper. 
As at tea. 


Bed-time. 

High-protein milk drink and gluten-free biscuits. 

Boiled sweets may be taken with meals and i.evulo>o, wnn. 1 
tolerated, may be added to drinks. 


!■; often \'*ll 


Allowed. Arrowroot, oatmeal, potatoes, rice. sago, soya bean 
Cornflour made from maize is harmless, but often contain-' >1 i< » ■ ' 
rye flour. It should not be given until this is asccrt.iined. 


Extra amounts of the fat-soluble vitamins inu^t be ‘ 

ot well absorbed (9000-15,000 l.U. of A and i.''oo-3oo<i b " ' . -.1 

itamin B complex is destroyed by the bacterial fornuntatnui 
amounts should be given. (Thiamine 3-10 mg., nicotinamide 50- . T, 

and 3-6 mg. of riboflavin.) Provided the chiltl will take the fre^ \ rn ) 


extra ascorbic acid is unnecessary. 


Nof allowed. All foods made with wheat or rye flour, sin li 
macaroni or semolina. 

Sauces which are thickened with wheat or rye flour. 
Cornflour, wliich is mixed with wheat or rye flour. 
Custard powder. 


bread . V .ikes, 


Progress. The appetite is poor at first but should soon iiui'i'’'-'- and 
extra food can be given. In 3-4 weeks or less the stools should beioine 
normal and the skim milk can be replaced by full cream nulU, 
and fatty foods can be given. But foods containing gluten shou «. no 
be given for 6-12 months. After this period a little wheat starcli can x 
cautiously added but a careful watch must be kept on the stools. u 
intolerance to gluten usually disappears in the end. 

If the diagnosis is made early there is no need t^i restrict fats .it .1 , 
as the condition rapidly improves as soon as the gluten is omittid. 

Tropical Sprue and Idiopathic Steatorrhoea. These two .ue \«i> 
similar since the character of the stools, presence of the fvrnu uts am 
sugar tolerance curve arc alike. Tropical sprue occurs in some counlru s 
like India and Burma, and may be associated with rancid fat, l>nt it 
does not occur where palm and coconut oil form tlie main fat. 
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macrocytic anecmia is often present. The condition usually recovers 
completely once the patient has returned to Great Britain. Idiopathic 
steatonhcea has no connection with tropical conditions and, although 
it can be alleviated by treatment, it is incurable, and dietetic restric- 
tions must always be maintained. The treatment for both these con- 
ditions is similar and that recommended by N. H. Fairley is very 
satisfactory.! 

High-protein Diet i 
(Calorie value, 1005) 

Carbohydrate 73 g., Protein 72 g.. Fat 45 g. 

8 a.m. Underdone beef, 3 oz.; juice of half an orange, and glucose, 

2 drachms; rusks, } oz. 

12 a.m. Soup, 4 oz. + liver extract (equivalent to | lb.); underdone beef, 

3 oz.; rusks, J oz.; juice of half an orange, and glucose, i 
drachm. 

6 p.ra. The same as at 12 a.m. 

High-protein Diet 2 
(Calorie value, 1756) 

Carbohydrate 128-5 g., Protein 128 g.. Fat 77 g. 

8 a.m. Underdone beef, 5 oz.; rusks, i oz.; calves-foot jelly, 2 oz.; juice 
of an orange, and glucose, 2 drachms. 

12 a.m. Soup, 4 oz. + liver extract (equivalent to | lb.); underdone beef, 

5 02.; rusks, I oz.; juice of an orange, and glucose, 2 drachms. 
4 p.m. Tea, 10 oz.; milk, 2 oz. 

7 p.m. The same as at 12 a.m., with calves-foot jelly, 2 oz. 

High-protein Diet 3 
(Calorie value, 2317) 

Carbohydrate 185 g., Protein 164-5 g.. Fat 97 g. 

6 a.m. Tea, 10 oz.; milk, 2 oz. 

8 a.m. Underdone beef, 6 oz.; rusks, i§ oz.; calves-foot jelly, 2 oz.; 

juice of an orange, and glucose, 2 drachms. 

10 a.m. 1 baked apple; custard, i oz. 

1 2 a.m. Soup, 4 oz. -f liver extract (equivalent to f lb.) ; underdone beef, 

6 02.; calves-foot jelly, 2 oz.; rusks, 1 J oz.; juice of an orange, 
and glucose, 2 drachms. 

4 p.m. Tea, 10 oz.; milk, 2 oz.; baked apple, i oz.; custard, i oz. 

7 p.m. The same as at 12 a.m. 

High-protein Diet 4 
(Calorie value, 2782) 

Carbohydrate 223-5 Protein 179-5 g.. Fat n6 g. 

6 a.m. Tea, 10 oz.; milk, 2 oz. 

8 a.m. Underdone beef, 7 02.; rusks, oz.; calves-foot jelly, 2 oz.; 

juice of an orange, and glucose, 2 drachms. 

10 a.m. One baked apple; custard, 2 oz. 

12 noon. Soup, 5 oz. -|- liver extract (equivalent to J lb.); underdone 
beef. 7 oz.; calves-foot jelly, 2 oz.; rusks, 3 oz.; juice of an 
orange, and glucose, 2 drachms. 

! Manson-Bahr, P. (1939), The Dysenteric Disorders, p. 389. 



4 p.m. 
7 p.m. 


FUNCTIONAL DYSPEPSIAS 

Tea, lo oz.; milk, 2 oz.; i baked apple; custard 3 oz. 

The same as at 12 a.m„ but only li oz. of rusks allo^^ed 


5^9 


8 a.m. 


10 a.m. 
12 a.m. 


4 p.m. 


High-protein Diet 5 
(Calorie value, 3557) 

Carbohydrate 375 g., Protein 199 g.. Fat 123 g. , 1 

6 a.m. Tea, 10 oz.; milk. 2 oz.; glucose, 2 drachms; 

I drachm; one scraped ripe apple or one full) p ' O 

banana (yellow ends). . 

Underdone beef, 7 02.; rusks, 3 oz.; cakes- ) ^ 

juice of an orange, and glucose, A 02., hone>, 
butter, I drachm. 

I baked apple; custard. 3 oz. 

Soup, 5 oz. + liver extract (equivalent to | ^ orance 

7 oz.; calves-foot jelly, 2 oz.; rusks, iioz.,juc 

o,.; glucose, a drachms; rusks, baked 

apple, I 02.; custard. 3 oz. (egg. boded or poached sometin 
substituted): honey. 2 drachms. 

A high protein milk is of value. A liver soup ^ not that 

in the treatment of the macrocytic anajmia. It is unnece^ PoU 

potent liver preparations or cyanocobalamine (Bi 2) can 

doses of vitamin A and of the B complex should be given as 11 
of cceliac disease. 

A few patients improve markedly when wlieat and rye flour is 
from the diet and suggests that the gluten in bread is a au . 
bacterial infection of the intestinal contents can be grea y re uc 
alternative courses of sulphonamidcs, and this sometimes o one 
considerable subjective improvement. Greenberg and I'razer.i- 2 . net 
son, Frazer et al.^ . --i 

Fibrocystic Disease of the Pancreas. This is a '' ’*1 ' 

is present at birth. It may be fatal in the first week of life. on\ ^ 
intestinal obstruction, caused by masses of mcconuini. 
appears very early and the clinical condition resembles ca* lac ^ ’ 
though it develops much earlier. The gluten in wheat ant r> e 
no part in the condition. The babies also develop severe lung 
at an early stage. The sugar tolerance curve is flat and the duot tn ^ 
contains little or no amylase, trypsin or lipase. I he stoo s rcstinic 
those of children with coeUac disease, though the smell may be >ei 
more offensive. The fat is well split in spite of the absence of the lipase. 

Andersen.* r-f il > 

A complete, well-balanced diet, in amounts sufficient to sa is y le 
appetite should be given, and one should not become guilty o rca mg 

> Frazer, A. C. ( 1952 ). Trans. Roy. Soc. Trap. Med. and Ilyg-. 4^- 57^ 

* Greenberg. S. M., and Frazer, A. C. (1953). Joam. Nulnlwn. 50 , 4 JI. 

’ Anderson. C. M.. and Frazer, A. C., el al. (1943). Gaslroenlerologia. 1 . <)■ 

* Andersen. D. H. ( 1938 ), Atner. Dis. Child.. 56 . 344- 
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the stools ratlier than the child (May and Lowe)A The diet is ver)- 
similar to that given to children with coeliac disease, except that wheat 
and rye flour are allowed. The appetite is good and, since so much of 
the food is lost in the stools, extra amounts must be given. If the child 
docs nut gain in weight yet more food must be given although it is 
advisable to keep the fat on the low side since the smell of the stools is 
more of(cnsi\e when large amounts of fat are being excreted. The 
giving of an acti\ e pancreatic extract is of value, but unfortunately 
som<‘ extracts arc \ aluclcss. Tlie potency of the extract should be tested 
before it is given to the child. The giving of short courses of the different 
sulphonamides, as in sprue and iodiopathic steatorrhoea, is of value, 
since it decreases the bacterial fermentation. The same large doses of 
\-itainins A, D and B should be given as for patients with cceliac 
(liscasi-. 

Carcinoma of the Head of the Pancreas and Chronic Pancreatitis. In 
tliese tlisrases the character of the stools is similar to that of fibrocystic 
disease uf the jnincreas since the ferments are excluded from the 
diuideiuim. 'I'he dietetic treatment is, therefore, identical but the diet 
must lie arrangeil for an adult. 

Miicou.'i Colitis. Dietetic treatment is difficult, and either a low- 
residue (p. 5(14) or a liigh-rcsidue diet {p. 572) should be tried. Cullinan.2 


Diet in Constipation 

C'oiistipation 3 is usually due to one of three main causes, two of 
which may be helped by diet. The first is dyschezia or faihire of the 
defacatory rellex due to careless haluts, etc., in the past. Diet is of 
little a\ail in this stale. The 
tile li'flex. 

'Ihe second cause is spasticity of the colon, usually more marked in 
tile ascending colon than Iht? transverse or descending colon, though 
spasticity nia\’ extend to tliem as well. A large jiercentagc of the cases 
of chronic constipation arc due to this cause, the estimates by American 
physicians ranging, according to Cowgill, from 20 to 50 per cent. 


body must be re-educated to respond to 


' M.w. C. P.. atul I.owi'. C. K. (1040). Jouni. Pai’dialtic. 34, 663. 
> Cei.LiN,\N, V. M. (i'i5o), Eiicyclopo'.iij oj .^fedtcine. 3, 500, 


3 licailers in this common and much advertised complaint are 

ailvi'cd tti road \l\arez’s ''Ncrx'iiis Indii’cstion." Itarclay's ‘'The .Alimentary 
Iracl," and Aliaiiam's (1050) hmwhp.rdia of Mfdicine. 111, 617. From the 
l.ii’iie!. lOV). I. 5‘i7. \M‘ cull tlu- fi'llowitiK on the centenary of the publication of 
Sir llmry M<>ilaiul's .^Irdii.il .Xoii’i and If^ihclions. "It is certain." wrote that 
phy.sician to the lu>yal l amiiy, that the natural constitution of dillerent persons 
is \ ('r\’ various as to this j^iint, a.s well as the constitution of the same person at 
dillerent pcrinds of life. Ihe cases ale common of individuals in perfect health 
wlio luave action of the bowels only every second or tliird day." Alvarez is staying 
the same to-day {op. cit.). 
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Alvarez, at one time, was inclined to put it still Iii.ilj- r, In liiis o.ii-iition 
of the gut, the circular muscles arc firmly coiitr.icte(l aiul t}K\ r' duco 
the colon to a hard rubber-like tube, easily fi It ihrouch the al 'Iomiti.d 

wall, along which material is slow in passage. 

As anything irritating to the gut in tlie way of coarse tihres of 
vegetables, bran, and seeds of fruit such as toin itoes and tic- iit< rv a.'f 
its spasticity such foods arc contra-indi':ate<l and a /ea Wi/ru: unt 
should be given. Attempts to relieve this type of (-on>tipation h\ 
recourse to the so commonly recommendeil roucime.- ro'ult in pun in 
the right lower quadrant of the abdomen as tlu- c(-n>'. 'iiieiK e ol ^ 

tension of the caecum, and appenilicitis ma\' he suri'i cti d. 

The only difficulty to be met in a low-i\sidiU' dn i i'^ th-' "'ipp ^ ot 
vitamin C. This should be regularly given in the form of vvU-str.mK d 
orange-, lemon-, grapefruit, blackcurrant and rosediip juiti.' or 
tomato-juice. The foods to avoid are brown or wliuK int.d hrca.h 
digestive and coconut biscuits or macaroons. dii<d fruit>. wlnTin' ' 
flour, fruits with edible pips and skins such as guoselx nie>, < un nil', 
figs, etc., green vegetables, coarse root vegetables, j.ims vith I'i] ' 
skins, nuts, oatmeal, peas and beans, shredded wln-at , >ala' i \ ej^ ' 
The foods to take are plain biscuits, white bread, huiti r. plain ‘ 

no fniit, cheese, cream, eggs, steamed white fi>h, golden s>ruj' oi > .e 
treacle, honey, jelly, juices of grapefrnit, U-mon. or.mge. or tt'inao', 
meat, milk in moderation, rusks, fairy toast, or pulled bread an>l -u...ar 

The third cause is /ack of tone in the muscles of the large int^ 'tin . 
the exact opposite of the state of spasticits’ (le>cril>e>l aho\t. / 
possible that this type of constipation is <hu- to over-aelivit\ ot i i> 
sympathetic system — and that the spastic coloti is dur to o\ er-a« ti\ it\ 
of the parasympathetic nerves. 

Dietetic treatment of atonic conslifiiiion is along llie line^ of :.i\nu 
foods which leave a large amount of rcsitlue in the into'liin-. 

Generally speaking, all foods rich in cellnlose belong to thi" ■ 
o.g. oatmeal, green vegetables, wholeuK’al hro.nl, ainl nn fnnt' 
of these should therefore find a place in the \\ai« r ab" '< t'- in > 
large measure mechanically by increasing the Ihii'litv “f the ini« '''"Y 
secretion, but in part also its action may be r» Ilex. It In-t gi\ > n < o 
the first thing in the morning. In districts in which tlu- u.bi i <oiiiain-j 
much calcium a pure artificial aerated wat«T tna\' lx- t.ilo-n in't< i' 
(e.g, Salutaris). Fats and oils, too, act iis mcchani< al liibrie,iiii>. m' 
sufferers from constipation should partake of all of them li" 
especially if the motions arc small and dry. Honey, tre.u 1<-. .md in.om a- 
lade have also a slightly aperient action. 

The vegetable foods have a laxative action jiartly heeau'e x v 
undergo fermentation in the intestines and often cau<e cmi'id. r.n i- 
flatulence and the passage of flatus. They also cause a go at men .i. 
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in the l)ulk of the stools whicli is mainly due to the water present, 
two to three times as much as on an ordinary diet A 
Beverages like beer, stout, and cider often have a laxative action, 
though they may cause colic in some patients. Red wines are thought 
to be astringent, but the constipation wliich ensues may be due to the 
small amount of fluid which the wine drinker takes in the day. 

It was thought at one time that milk and eggs were a cause of 
constijiation. It is difficult to be certain on this point as larger amounts 
of these foods are usually given when the patient is strictly confined to 
bed. wliich of itself often causes constipation. It is probable that some 
[latifiits are affected either b\' milk or eggs, but the majority are 
unattected. Tea and coffee are sai<l to cause constipation in some 
patients. 

I'he amount of fluid taken in the day should be at least 3 pints. 
Tliese principles are expressed in the following niles for patients: 


IMKKCTIONS I'OU Dllil' IN CUKONIC .\T0NIC CoNSTlP.XTlON. 

I. The following foods should be partaken of freely: 

Porridge made from medium oatmeal; wholemeal bread, 
gingerbread and "ginger stiaps”; green vegetables; fruit (fresh 
or stewed — especially steweil prunes or figs and baked apples); 
marmalade, honev aiul treacle. 

1 .its e.g. ba< on fat, luitter. salad oil. 

\ clasi of cold water should be taken on rising, and a few Prench 
plums may be eaten before going to bed. 

3. .\ \egi-iable mucilage should he prescribed a.s it increases the bulk 
ill the .stools, .\g.ir-agar is suitable and the usual dose pre- 
scribed IS one teasp'-onful or twice a day. 


D[s[.-..\sks of 1111: Livej^ 

Fatly /)( gt'/iiTi/z/on and Multilobular Cirrhosis. The conditions under 

\\liicli fatly ilegetUTatioii and eveiitualK' multilobular cirrhosis of the 

liver occur in mis have birii described on jv 76. The importance of 

an adn[iiate .miount of protein and especially of methionine has been 

stressed.- In this counlr\- laltv degeneration of tlie liver occurs in: 

♦ ♦ 

(u >oi]ie dialu lie patients who nearly alwavs ha\e a marked hyper- 
glyi aini.i aiul liypi tketiin.einia, I'he enlarged liver will decrease in .size 
if the diabetic condition can be well stabilized and the patient takes a 
gOOll diet. 

(fi) Some pM.jile who liave taken excessive amounts of alcohol for a 


' M'f ANei-., H. , aii.l -os. f,. M (lo.p.), MeJ. Res. Council Special 

/iV/'eif, No, J s 1 

- Tccki-K. M. I" , 1 1 ! \i>wiir.. C. K., Iu ksthn. II. C. {1940), Joum. Biol. 
Chciii., 13,5. '‘‘.V 
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long time develop fatty degeneration, and if the alcohol intake is not 
reduced, eventually a multilobular cirrhosis. These people ha%e usualh 
taken a poor diet, and a deficiency of protein may be responsible for the 
changes in the liver. There is usually a deficiency in one or more 
vitamins. If fatty degeneration is present the condition of the li\er 
should improve and the Uver decrease in size, provided the alcohol is 
abandoned or much reduced. Even if cirrhosis has already occurret 
some fatty degeneration may still be present, and should decrease wUi 
treatment. The first step in treatment when the patient is found to ia\ e 
a greatly enlarged liver is to persuade him to give up all ® 
most cases it is necessary for him to enter a home which specializes in 
this treatment. The diet should contain at least loo g. protein, at east 
2 pints of skimmed milk or a high protein-low fat milk p. 496. an 
cheese made from skimmed milk which will supply 49 g. of nrst-c ass 
protein and an adequate amount of methionine. There does not seem 
any point in giving the pure amino acid methionine — which is expense e 
— unless the patient has a poor appetite. If the patient s appetite is sma 
and capricious 6 g. choline a day may help to reduce the fatty degeneri^ 
tion. The fat in the diet in the form of butter and cream should be reduced 
to a minimum and the fat of meat and fat fish should be avoided It 
was customary to restrict the spices and condiments. Tliis w^ 
due to the occurrence of cirrhosis of the liver in India where hig y 
spiced foods are eaten by people who do not take alcohol. In the ig ^ o 
the new work on choline and methionine this limitation seems un- 
necessary. 

At the outset the diet can be arranged as for the treatment o a 
gastritis but eggs arc best avoided because of the high cliolestero 
content, if the patient has jaundice. The amount of carbohydrate 
should be, say 250 g., but can be increased later on. The diet shou 
then consist of: 

80-100 g. of protein 400 or 480 Calories. 

50- 80 g. of fat . • 450 or 7Z0 

250 g. of carbohydrate . 1000 1000 


1850 2200 

It is important to give fairly large doses of vitamins since the diet 
has usually been poor for a long time. 

Vitamin A . . • 3000 I.U. 

Vitamin D . 600 I.U. 

Thiamine . . . • 9 ”’8- 

Riboflavine ... 3 

Nicotinamide ... 5° mg. 

Ascorbic acid . roo mg. 
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The protein and carbohydrate content should be increased as soon as 
the appetite returns. 

Jauadkf may be due to many causes but the general principles of 
diet are — so far as is knowai — the same. The fat of the diet should be 
as small as possible for two reasons. Firstly, because if the bile is not 
entering the duodenum the fat will be poorly absorbed in the absence 
of the bile salts, which lower the surface tension of the intestinal con- 
tents and so aid the fat globules to pass through the epithelium. The 
stools are apt to be ver^^ offensive if much fat is present in the large 
intestine owing to bacterial decomposition (see p. 569). Secondly, it is 
important for the health of the liver that the fatty content of the diet 
should be as low as possible. The type of low fat, high carbohydrate, 
high protein diet which is recommended for the treatment of fatty 
degeneration of the liver is suitable. The cholesterol should be small in 
amount if the jaundice is obstructive since it is excreted in the bile. 
In the treatment of infective hepatitis it is customary to inject in 
addition 6-10 units of protamine zinc insulin once a day, partly to 
ensure that the higli carbohydrate diet does not cause any hyper- 
gl3'ca'mia and partly to ensure that the liver contains sufficient glyco- 
gen. The proteins which have a high content of metliionine — milk and 
cheese — should be taken as well as lean meat, but eggs and fat fish 
should be avoided. 

Patients with obstnictive jaundice are very liable to bleed after 
operations. The prothrombin in this type of patient is decreased in 
amount but is restored to normal by the injection of 1-4 mg. of vitamin 
K for two or three daj’s before operation. The condition cannot be 
improved l>3’ giving the green vegetables by mouth which contain 
vitamin K (p. 137) since it cannot be absorbed from the intestines in 
the absence of bile salts. 

.Attempts have been made*, s to shorten the course of infective 
hepatili.s giving 5 g. methionine dissolved in a solution of 1*4 ml. of 
concentrated hvdrochloric acid and 142 ml. water. An ounce of this 
solution containing i g. was given five times a day.2 Seeing that the 
senim methionine is raised under these conditions’, it does not seem 
likeh' that e.xtra methionine would affect the progress of the disease and 
this proved to be the case. 

Beattie, 4 on the other hand, working with patients who had de- 
veloped infective hepatitis during treatment with arsaphenamine. 
thought that he could reduce the time the patient spent in hospital by 
37 per cent, by giving a very high protein diet — 150 g. a day. 

* Wilson, Pollock, and H,\rris. (1945). Brit. Med. Joum., i, 399- 

2 Higgins. O'Brien. Peters. Stewart, and Witts, ibid. (1945). 40*- 

3 Walshe, J. M. {1953). Qitarl. Journ. Med.. 22, 483. 

4 Beattie, J. {1943-4). Jioyal College of Surgeons Scientific Report. 
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There are but few indications to be met in the dietetic trcatnu nt of 
cases of gall-stones. Seeing that the taking of food into the stomach 
stimulates the expulsion of bile, it will be well to see that the meals 
are rather frequent — at least five being taken in the course of the da\ . 
The amount of cholesterol ingested should be reduced as mucli as 
possible by omitting eggs, brains, sweetbreads, liver, kidneys, since 
these foods contain more cholesterol than others. It is believed that tins 
procedure reduces the liability to the formation of gall-stones, but of 
course it cannot affect stones which have already formed. Most clinical 
observers arc agreed that the drinking of large quantities of water is 
advisable, even although there is no actual experimental evi<lence to 
show that the fluidity of the bile is increased thereby. 

In cases of “biliousness" or “chill on the liver '' — a condition which 
is perhaps due to a functional disorder of the liver, the diet sliould be 
reduced to gravy soups, meat extracts, dry toast, or biscuits. Fliis diet 
should be maintained for at least 24 hours, or until the condition luis 
improved. The diet may then be increased by the addition of fruit 
juice, or cooked fruit, milk, steamed fish, lean meat, potatoes. If this 
is well borne the diet should be increased but the fat content should he 
kept low and all alcohol forbidden for at least three days or until tlie 
appetite returns. 

4 . Disorders of the Circulation 

The stomach is only separated from the heart by the diaphragni 
and any distension of the stomach will tend to embarrass the heart s 
action. If the latter is impaired it is very important to prevent the 
distension of the stomach with wind, and the diet which is suitable for 

a flatulent dyspepsia should be used (p. 5O3). 

When a serious degree of cardiac dropsy is pre.sent the old fashioned 
treatment consisted in giving a diet containing very little fluitl. 200 ml. 
a day. This restriction was very unpleasant and of little value. In die 
modern treatment a good mixed diet is given but the sotlium chloride 

is greatly restricted from the normal g. to o*i-i 'O g. (p. 593 )- 

It was thought at first that the reduction in the salt prevented the 
body from retaining so much fluid and that it was then excreted. 
McDowall et <?/.». 2 working with a strip of mammalian cardiac muscle, 
have shown that the anoxia which occurs in cardiac fiiilure causes the 
sodium to enter the muscle cells and so reduce the force of the cardiac 
contraction. When the concentration of the sodium in the bath sur- 
rounding the strip of muscle is reduced, the sodium leaves the muscle 
and the strength of the muscle contraction improves. This is the case 
whether or not oedema is present. 

1 McDowall. R. J. S., and Zayat, A. F. (i 953 ). Journ. Physiol.. 120. 13P 

2 McDowall, R. J. S., and Soliman, A. A. L. (tQS-l). Lancet. 1, 

OlFD 
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The value of ascorbic acid has been stressed by W. Evans A He 
compared the action of 75 or 150 mg. of ascorbic acid with theobromine, 
ammonium chloride, digitalis, and mersalyl, on eight patients with 
cardiac failure associated either with normjil rhythm or with auricular 
fibrillation. The ascorbic acid increased the urinary' output in every case 
and was sometimes more efficient and at other times less so than the 
other remedies. Unfortunately the excretion of ascorbic acid was not 
estimated in these cases and it is impossible to say whether the patients 
were in the subscurvy state or not. The experience of one of us (G. G.) 
suggests that the ascorbic acid will only be of benefit where the previous 
diet has lacked ascorbic acid. It is, therefore, important to make certain 
tliat a good diet has been taken and if this is not the case extra ascorbic 
acid should be given. 

1 lie cedema which occurs in the wet type of beri-beri disappears as 
soon as sufficient thiamine is given. 

Famine cedema is associated with low serum proteins and responds 
readily to a diet which contains plenty of first-class protein. But it is 
important to give a low protein, low Calorie diet to begin with since the 
digestion is easily upset. The increase in the diet must be done slowly. 

.■\ semi-starvation diet has been recommended in the treatment of 
atii’ina of effort, coronary thrombosis, and of hypertensive heart disease.^ 
This treatment lowers the basal metabolic rate and so reduces the 
demands of the coronary circulation. If the patient is ovenveight it is 
\ tTy imiiortant to make him lose weight as this bv itself will reduce the 
work ()f the lieart on exertion. The diets suggested for weight reduction 
IP- 5-'0 should be used. The overweight patient will not lose protein 
and ihercf'Te muscle in the process. If the patient is already under- 
weight it seems unwise to reduce the Caloric value as the patient will 
probably lia\'e to use liis own muscles for energy' purposes and so 
weaken tluin. 

The dietetic treatment of aneurism must be mentioned in order to 
conclemn it. In the past reliance was placed on Tuffnell's treatment. 
Ihe fluid intake was reduced to 10 oz. and only dry articles of food 
were allowed. 



5 . Antrmia 


1 he amount of iron which a heidthy male and a female who has not 
yet menstruated or who has passed the menopause requires is 5 mg. a 
day. If a woman is menstruating she requires at least 7 mg. a day, and 
if pregnant rather more than this in the last 3 months of pregnancy. If 
a man or woman has an iron deficienev an.armia, more than these 
amounts arc necessary. The fc)ods which are rich in iron {p. loi) 

1 Ev.^NS. W. (1938), I.aiu'cl. I, 306. 

2 P.\UL White, (i 937 ). Hfjr/ Diseases. 564, 599, 364. 327. 



ANiEMIA 577 

should be eaten but the anaemia will respond more quickly if iron is 
given in the form of a ferrous salt, \vhich is better absorbed than the 
ferric salts. It is believed that a deficiency in the haemoglobin of i per 
cent, means a deficiency of 37 mg. of iron. In difficult cases the iron is 
sometimes given intravenously. 

A great advance in the treatment of pernicious anaemia was made 
by the work of Minot and Murphy.' Castle, and many others. It 
was found that the anaemia disappeared when patients were fed on 
liver or hog’s stomach. 

This diet was always unpleasant, and is now unnecessary, since 
potent liver extracts became available. Recently vitamin B,2 now 
called cyanocobalamine (p. 141) has been isolated, and appears to be 
Castle’s extrinsic factor. It is most efficacious and is of great value 
in the treatment of sub-acute combined degeneration of the spinal cord. 
It must be given subcutaneously. 

Folic acid. It has been shown that this fraction of the B complex 
(p. 140) when given by mouth, lo mg. twice daily, will cure the ana-mia 
of pernicious anamia and other haemolytic anaemia. 2 It should be used 
with caution since sub-acute combined degeneration of the spinal cord 
may develop while it is being taken. 



6 . Respiratory Diseases 


Pneumonia. The diet in pneumonia should proceed on the same 
principles^ in any other acute fever; but as the disease is usually one 
of short duration, and as the digestive functions are apt to be con- 
siderably impaired, particular care should be taken not to overload the 
stomach. From 2 to 3 pints of milk, plain, diluted, or citrated, w'ith half 
a pint of broth should be sufficient in the 24 hours. Weak tea may be 
allowed, and plenty of water or barley water. The use of alcohol is 
unnecessary unless the patient has hiibitually taken a great deal and is 
miserable without it. 

Bronchitis. In acute bronchitis a diet of “hot slops (hot milk, broths, 
gruels, tea. etc.) is best, as it tends to promote secretion from the 
bronchi. In chronic bronchitis the diet should be much on the lines of 
that in cases of cardiac disease (p. 575)* ill-nourished patients 

plenty of digestible fats should be given. 

Pulmonary Tuberculosis. The diet in this condition should follow 
the principles applicable in all cases of tuberculosis (p. 533). but may 
require modification in accordance with the digestive capacity of the 
individual patient. 


» Minot, G. R.. and Murphy, W. P. (1926). Jouru. Amtr. Med. Assoc., 87, 470; 
Castle, W. B. (1929). Amer. Journ. Med. Sci., 177, 748. Cit. Vaughan, J. (1934). 
The Anemias, Oxford Med. Press. 

2 Spies and Stoke. (1947). Lancet. 174. 
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Asthma. In some cases the asthma attack is directly related to some 
article of food which the patient has eaten, e.g. an egg or wheat proteins. 
Every' effort should be made by careful enquiry and by the use of skin 
tests to discover whether this is the case. If so, the noxious food should 
either be forbidden entirely or an attempt should be made to desensitize 
the patient by means of subcutaneous injections of an alcoholic extract 
of the food. 


7 . Rena! Diseases 

In the dietetic treatment of nephritis there are two general principles 
which should be ob.served, (i) to avoid the ingestion of any article of 
food whose breakdown products may irritate the kidney; (2) to lighten 
the work of tlie kidney by reducing the amount of urea, uric acid, 
creatinine, and salt, which has to be excreted. 

Amongst the substances calculated to irritate the kidney in the 
process of their excretion are such articles as spices, mustard, pepper, 
enrry, ginger, radishes, and perhaps asparagus. Alcohol, especially in 
concentrated forms, is also strongly contra-indicated as some of it is 
always excreted in the urine, and of non-alcoholic beverages ginger ale 
should be avoided, owing to the fact that it contains either ginger or 
capsicum or both. 

1 he various types of nephritis demand very different dietetic 
treatment. 

{A) Acute Diffuse Nephritis Associated with Hamaturia, Little or 
)io (Edema, hut with Retention of Urea in the Blood. (Ellis Ty'pe I.)‘ 
Formerly this tyjx* of disease was treated with milk, and some physi- 
cians ga\e iluir i>;iti« nts j pints of milk in the day for long periods. 
This diet contains ( . tSo. P. 60. F. Co, Cals. 1156, sodium chloride 072 g. 

1 he amount of nitrogen which has to be excreted in the urine on this 
diet is 8-4 g. (allowing i g. for excretion in the stools), provided that 
the patient is in nitrogenous equilibrium. But as the total Calorie value 
of the diet is only 1 156 (or about 844 less than the 2000 Calories which 
are assumed to be necessary for a patient lying in bed) the patients will 
not be in nitrogenous eejuilibrium. Such a patient will use up body 
proteins and will excrete more than 8-4 g. of nitrogen a day'. These 
consideratiojis show that a diet containing 3 pints of milk by itself is 
not a satisfactory one. 

Recently, the use of orange- and lemon-juice with the addition of 
sugar has been recommended as putting the least possible strain on 
the kidney. 

This diet is very' palatable when patients are unwell and is of especial 
value if they’ suffer from nausea or vomiting. Under these conditions 2 

J Ellis, .A. Lancet, (io.}2), i, 34 and 72. 



RENAL DISEASES 


579 

to 3 oz. should be given verj’ hour. The Caloric \alue of this diet, if 
250 g. of glucose are given, is only 1000. and as the diet does not 
contain any protein the patient will not be in nitrogenous equilibrium, 
and tvill have to break up valuable body proteins. A boy of 12, with 
acute nephritis, whose blood urea was within normal limits, lost Cib-G g. 
of nitrogen in the urine in the course of 12 days daih- (a daily excretion 
of 5*5 g- of nitrogen or ii*8 g. of urea (Fig. 17). If the i g. which was 
possibly lost in the stools each day is neglected, the total loss of j^rotein 
in the 12 days Nvas 346-8 g. and the total loss of flesh (66-6 g. nitrogen 
X30) 1998 g. or nearly 4 lb. In the next 7 days he was gi\’en 36 g. of 
protein and 200 g. of sugar and 50 g. of fat, total Calories iqSi). He 
excreted slightly more nitrogen in the urine, 6-8i instead of 5-51 g., 
and the average daily loss of nitrogen was 0-41 g. (neglecting the 
possible loss of i g. of nitrogen in the stools); the total nitrogen lost in 
12 days was 4-92 g. When an additional 100 g. of carbohydrate, 
Calories 1896, was given the average daily excretion of nitrogt-n in the 
urine was 5-67 g., and a positive balance of o-Oj g. was attained 
(neglecting the possible loss of i g. of nitrogen in the stools).* This 
experiment showed that a diet consisting of orange juice aiul sugar 
caused a loss of valuable protein while a diet containing 36 g. of protein 
with adequate amounts of fat and carbohydrates preserved the body 
protein, and increased the excretion of nitrogen by the kidney from 
5*5 to 5-67 g. only; a negligible amount which could certainly have 
been prevented by giving another 25 g. of glucose or 100 Calories. If 
the kidneys are incapable of doing their work, as shown by an increase 
in the blood urea, it is clearly of importance to keep the protein of the 
diet as small as possible. Chittenden* enjoyed excellent health and was 
kept in nitrogenous equilibrium for nine months on 36-6-40 g. of 
protein. This diet necessitated the e.xcrction of from 4-86 to 5-4 g. 
allowing for the daily excretion of i g. of nitrogen in tlie stools. 

These considerations show tltat it is desirable in cases of acute 
nephritis, in which retention of urea occurs, to reduce the protein to 
36-40 g. When the blood urea is very high the total i>rotein of tlie dii t 
may be reduced to 25 or 30 g. for a short while. When such a small 
amount of protein is being eaten, nearly all of it should consist of tirst- 
class proteins, and the Calorie value of the diet must be higher than the 
2000 Calories, which is suitable for a patient lying in bed; say 2500-3000. 
If the Caloric value is not adoejuate the patients will not be in nitrogen- 
ous equilibrium and will have to break up their body proteins. If this 
occurs the general nutrition of the body will sulfer and the kidney 
condition will deteriorate. Wlicn a very low protein tliet is given, it is 
essential to estimate the total amount of nitrogen excreted in the urine 

* Figures of a case of acute ncpliritis treated by one of us (G. G.) unpiiblished. 

* Cit. Gkaiiam Lusk. (1928), Science of Nutrition. 450. 
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in the 24 hours for two to three days, to make certain that the Calorie 
value of the diet is adequate to spare the body proteins. Alving^ 
believes that patients do better with a higher protein intake, although 
the blood urea is too high. He thought this was caused by an improve- 
ment in the general nutrition of the patient. It may be due to the fact 
that it is much easier to keep a patient in nitrogenous equilibrium wth 
a protein intake of 50-60 g. than wnth only 30 g., since the Calorie intake 
need not be so high. 

The kind of protein which should be given has been much disputed. 
The milk proteins were regarded as of especial value and no other kind 
of protein was allowed. Later it was realized that egg albumin was as 
free from objection as milk, and later still also that fish proteins were 
not injurious and comparatively recently that meat proteins could be 
gi\'en without causing any harm to the patient. All the four kinds of 
proteins mentioned are digested in the same way (see p. 208) and are 
iirokon down by the pepsin and tr^'psin to the stage of polypeptides 
and then absorbed into the bloodstream in the form of amino acids. 
I'hey are then either (i) deaminized and the nitrogen is converted into 
urea in the liver or into ammonia by the kidney, and so excreted into 
the urine, while tlie carbohydrate moiety is utilized for energy purposes, 
f)r {2) used for building up or repair of the body proteins, such as the 
albumin, globulin, and fibrinogen of the blood. But fish, besides pro- 
teins, also contains purine bodies, and meat contains the extractives 
creatinine and creatin as well as the purines. Thus the eating of fish 
and meat increases the intake and therefore the output by the kidney 
of uric acid and creatinine. They should therefore be avoided when the 
blood urea is raised above the normal 40 mg. per loo c.c., but if it 
is normal, fish and meat proteins are not contra-indicated. 

Those considerations suggest that the diet should be arranged as 
follows: 

(1) .At the onset of the disease and especially if the patient is very ill 
with nausea and vomiting, the diet should consist of orange-juice and 
water and at least 250 g. of glucose. Some loss of valuable muscle 
protein is inevitable at this stage. 

(2) As soon as the patient has lost the nausea, a low-protein diet 
containing 3C-40 g. should be given together with a high-carbohydrate 
diet, sufficient to prevent the breakdown of body proteins. The protein 
shinild be in tlie form of milk, eggs, bread, rice, etc. The fat should be 
50 g. or less. 

(3) If and when the blood urea is norma! the total protein of the diet 
may be increased to 50-60 g. (an excretion in the urine of 8-9*5 g- 
iiitrogcid, and fish and meat ma^• be added to the diet if the patient 

‘ Alvin(;. a. S. (1934). M£dicalClinic 4 o/A'. Anirrica. 17, 1195. 
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desiri'5 ihoni, and the carbohydrate and fat increased so as to keep the 
j'.itkiit in nitrogenous equilibrium. 


[B] Tile tnatinent of chronic diffuse nephritis which is associated 
with much trdema, and little or no hcematuria. (Ellis r\'pe II. 

In this condition tlic blood urea is usually normal but large amounts 
I'f j'rotein, 10-15-30 g., nia\- be lost each day; the total blood proteins 
are reducer! from 7 to 4-5 g. or less owing to the loss of albumin and to 
a Irsser extent of globulin. The osmotic pressure of the albumin is high, 
and when the amount of albumin is less than 2 g. (edema appears. 
.\ cardinal point of treatment is therefore the raising of the amount of 
.ilbuinin in the blood abo\ e the critical letcl. The best way of doing 
this would be to stop thi- loss of albumin by the kidneys, but apart 
from keeping the patient warm in bed and j'rotected from chill, no 
rmn dies are a\Milable. Since the ali>umin of the blood must be built 
up from till' amino aculs derived from the foods, the amount of protein 
in the diet in iinjiortant. The amount lo-sit each day may be as high as 
>■ ‘^od if the intake were onl\‘ 30 g. the destruction of the body 
pnUeins weuld be considerable. It is essential to increase the protein 
iiii.d<e but it is diffic'ilt to say how much should bo given. 

bp'.tein- recommeiiiled that a high-protein diet should be given. 
'■1 the fcllowing comjH-sition i>roUin 120-140 g., carbohydrate 150- 
c., fat 20-40 g.. t'aloric value I2i^3-2i7<t. .Mving^ thought that 
patii'iits did better with a diet consisting of <10-125 I’fotein. and 
.1 b.iliirif Value of at least 2500. ’ihe body must bi* in nitrogenous 
• luilibriuin if new albumin is to be made. If this is tlu* case the largo 
.imi'unt (if amino aci<ls circulating in the blood should aid in the 
t' a inalioii of iiew albumin. If thi- cipiicent ration of the alluunin increases 

i:t the bl 1 , it will drain Htiiil from the tissiH'S into the bl(>od and so 

■ii'!'ei>e till- (ideina. .X high-protein diet also aids in the excretion of 
Oer .‘•inee uie.i is a good diuri'tic. and the .iddilional urea, dcriwd 
tioiii i!ie j'l'oti in, is of valui’ in this respi-ct, M< Le.ui recommended that 
; ' '! of uie.i should lu' gi\an bv mouth for this purpose. It seems a pity 
i.'U to give the e.xir.t proi«-in which will suj'ply the urea for tliuretic 
pmp<i<t> and at tlie same time provide lh<‘ amino acids whicli m.iy he 
I'.'ed for tile formation of albumin. 

ii must bl- reiueml’ered that a liigh-protein diet shonl'l not be given 
if the blood iiri-.i is r'ViT 40 mg. )>er luo c.c. and that it slnnild be 
i -'tiin itecl at weeldv iiiteiv.tls whenever such a iliet is given. .\ kidney 
wliii h i- c.qial'le of exereting S g. of nitrogen a d.iv may fail hadh’ if it 
i' lequiied to excrete ih to jo g. If the blood urea begins to rise, the 
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protein intake should be reduced at once and the blood urea estimated 

more frequently. , . 

A salt-poor diet is often of value when oedema is present, since alt 

may be retained (see p. 595) and water with it in an isoequivalent 

amount. Improvement often follows the use of a salt-poor diet, s.ei g 

that the kidney may have difficulty in excreting 

possible that the reduction in the sodium in the muscle (p. 573) '' 

occur and improve the strength of the cardiac muscle and so aid m 

reducing the oedema. The electrolytes of the serum should be estimated 

as the potassium may be increased and a low potassium diet ma\ 

It is unnecessary to restrict the intake of water provided a salt-poor 
diet is prescribed, for water by itself is readily excreted. An intake of a 
least 2000 ml. (3 pints 8 oz.) should be allowed. ^ an in a 'e 0 i 

ml. (i pint 9 oz.) makes life unpleasant for the patient 

Chronic Renal Disease (Chronic Interstitial ^oph^ltl^). T 
condition is often associated with (i) a raised blood ' 

raised blood urea. It is doubtful whether the heig i o ‘ , 

pressure can be influenced by any article of fooc. k 

spending one day each week in bed and abstaining rom mea s 
on that day probably owes its beneficial effects to t le res am no 
the avoidance of meat and its extractives. Alcohol should be ^rlmldt 
when the blood pressure is high. If the patient is overweight he should 
submit to the dietetic rdgime suitable for obese patients (p. 5--)- ^ 
blood urea is raised, a low-protein diet of high Calorie \ a uc s lo t 
given, sufficient to keep the body in nitrogenous equilibrium 

The condition is usually associated with an acida-mia. and the a ^ 
reserve may be considerably less than the nonnal values of to 
volumes (25-35 ^^rbon dioxide for 100 ml. . ^ J 

associated with an alkalaemia if much vomiting has occiirrc . 

result that the alkali reserve may be 80-90 vols. (36*40 ) 

100 ml. blood. If the alkali reserve is only slightly lowered. sa> to dO 
vols., it may be raised to within normal limits by avoiding the ac^c. - 
forming foods like meat and eating those forming alkahb like c - 
tables (p. 113). If this is unsuccessful and if the alkah reserve is e^ 
than 50 volumes of carbon dioxide per 100 ml blood (25 m. Lq.). a 
definite dose of alkali, say 2-O g. (30-90 gr.) of sodium bicarbonate, must 
be taken two or three times a day; the alkah reserve must be estimated 
at intervals to make certain that the correct dose of alkah is govern If 
the alkali reserve is slightly too high, say 75 vols. (337 "i- Lep) per 
100 ml., more acid and less alkali forming foods should be eaten. If this 
fails or if the alkali reserve is over 75 vols. (337 nn M-) per 100 ml. 
acid sodium phosphate, 1-3 g- (15*45 gr-). should be given by mouth. 

The plasma chloride varies between the normal limits of 580-620 mg. 
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Diet for Acute Nephritis 


Carbo- 

hydrate. 


Protein. 


Fat. 


Calories. 


1st Feed: 


4 oz. Milk .... 

5*0 g. 3-6 g. 

4*4 g- 

76 

I oz. Bread (Butter from ration) . 

15*0 

2*4 

0*3 

70 

2nd Feed: 

4 oz. Orange-juice 

10*0 

— 


41* 

I oz. Sugar .... 

2 S % 



116 

^rd Feed: 

4 oz. Milk .... 

5*0 

3-6 

4*4 

76 

I oz. Bread (Butter from ration) . 

15*0 

2*4 

0*3 

70 

I oz. Jam .... 

100 



41 

Alh Feed: 

4 02. Lemon-juice 

10*0 



41 

I oz. Sugar .... 

28*4 



116 

5 /A Feed: 

4 oz. Milk .... 

5’0 

3-6 

4*4 

76 

I Egg .... 


6*8 

7*0 

92 

1 oz. Bread (Butter from ration) . 

15-0 

2*4 

0-3 

70 

6th Feed: 

7 oz. Grape Fruit-juice 

10*0 



41 

1 oz. Sugar .... 

28-4 



716 

7/A Feed: 

4 oz. Milk .... 

5*0 

3*6 

4*4 

76 

I 02. Bread (Butter from ration) . 

15 0 

2*4 

0*3 

70 

i 02. Jam .... 

15-0 



61 

8//» Feed: 

3 oz. Pineapple-juice 

10*0 


— 

41 

I oz. Sugar .... 

28*4 



1 16 

During the Night 

1st Feed: 

4 oz. Milk .... 

50 

3*6 

4*4 

76 

I oz. Bread (Butter from ration) . 

150 

2*4 

0*3 

70 

2nd Feed: 

4 oz. Orange-juice . 

10*0 

— 


41 

i oz. Sugar .... 

14*2 

_ 

— 

58 

Butter ration for the day = i oz. 

— 


24*0 

220 

292*8 

This diet contains approximately sixty 5-g. 

36*8 54*5 1871 

carbohydrate portions and 


five 7-g. protein — 7-g. fat portions, %vith the addition of J oz. of butter. 
(See "Food Tables,” p. 515.) Other fruit juices can be used to vary the diet. 

{96-106 III. Eq.) per 100 ml. and in cases of renal failure it often varies 
inversely with the alkali reserve. When the latter is high, the plasma 
chloride is low and cannot be raised by increasing the salt intake of the 
diet. This is the experience of one of us (G. G.). 

It is essential to estimate the amount of sodium, potassium, chlorine, 
and carbon dioxide in the serum in order to determine which is in- 
creased or decreased, \^^ith this information, water containing the 


RENAL DISEASES 


585 


Diet for Chronic Nephritis with a Raised Dlood Urea 


Carbo- protcin. Fat. Calories, 
hydrate. 


Breakfast. 

^ oz. Dry Oatmeal as porridge 

4 oz. Milk for tea and porridge 

2 oz. Bread 

1 oz. Jam or Marmalade 

Two 5-g. portions of Fruit, say 
4 oz. Apple 
Midday Meal. 

2 oz. Chicken 

4 oz. Potatoes 

Green Vegetables 

Two 5*g. portions of Fruit, say 
4 oz. Orange . 

2 oz. Bread 
Tea. 

2 oz. Bread 

I oz. Jam 

1 oz. Plain Cake . 

2 oz. Milk 
Evening Meal 

1 oz. White Fish . 

4 oz. Potatoes 

2 oz. Bread 

2 oz. Milk 

Two 5-g. portions of Fruit, say 
2 oz. Banana . 
oz. Butter in the day 
oz. Sugar in the day 


10-3 g- 

1-9 g- 

I -I g- 

Co 

50 

3-6 

4-4 

70 

30*0 

4-8 

0-6 

140 

20-0 



02 

10*0 




41 


9 

2-2 


20 0 

Negligible 

82 

lO-O 


— 

4 » 

30-0 

4-8 

0-6 

140 

30 *0 

4-8 

o-O 

140 

20*0 


— 

82 

150 

1-8 

6*8 

130 

2 *5 

I *8 

2 -2 

3 « 

_ 

5*22 


33 

200 



82 

30-0 

4-8 

0-6 

140 

25 

I *8 

2 *2 

38 

XO ‘0 


«_ 

4 ‘ 



54 -o 

495 

42-6 

■ 


*74 


307-9 43-1 75-3 2970 



This diet contains appro.ximatcly sixty-two 5 -g- carbohydrate portions 
and seven 7-g. protein— 7-g. fat portions, with the equivalent of 1 oz. o 
butter. The diet contains little ftrst-class protein but it can be increase! 
without adding to the total protein if the cliicken or fish is increased and 
potatoes and fruit substituted for some of the bread which contains a good 
deal of vegetable protein. Thus if the amount of bread in the above diet is 
reduced from 8 oz. to 4 oz. the protein is reduced from 19-2 to 9 6 g. which 
would allow another 2 oz. of chicken. The reduction in the carlxihydrate 
intake of 60 g. is made up by giving another 6 oz. of potatoes or i oz. dry 
rice and 10 oz. milk as a pudding or six 5-g. portions of fruit, say. the juice 
of 3 oranges. (See p. 515-) 


desirable amounts of the electrolytes in isotonic solution, with or with- 
out glucose 5 per cent., should be given slowly intravenously. It may be 
necessary to give a daily infusion, but its exact composition will vary 
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with the changes which occur in the serum electrolytes. The potassium 
in the serum is often increased in renal failure from i6 mg. (4 m. Eq.) 
per 100 ml. to 20 mg. or more (5 m. Eq.), and a low potassium diet 

should be used. 

The amount of fluid given to these patients should be considerably 
increased above the usual amount of two pints a day. A careful watch 
must be kept for oedema of the back and legs. The kidney is often only 
able to secrete a urine of low specific gravity and the more fluid it has 
to secrete the greater the chance that it will be able to excrete the urea 
and other substances which tend to be retained. The daily intake should 
be increased to three or four pints in the day. This extra fluid will not 
be retained in the circulating blood but will be rapidly excreted in the 
urine, so long as the myocardium is healthy.^ If the latter begins to fail 
as shown by the appearance of oedema of the legs the cardiac condition 
should be treated with the appropriate measures and the fluid intake 
should not be reduced except as a last resort, as it is \'ery important to 

maintain the action of the kidneys. 

If a high-protein diet is required for the treatment of nephrosis 
{Ellis Type II)* the protein ration should be increased to 85 or iio g. 
and the fat to 94 or 114 g. (twelve or sixteen protein-fat portions) 
{see "Food Tables,” pp. 515-18), and the carbohydrate shoifld be 
increased by 50 g. (ten 5-g. portions) so as to maintain the patient in 
nitrogenous equilibrium. 

The use of alcohol is contra-indicated in all types of nephritis. 

A new dietetic treatment has been introduced by Bull, Joekes, and 
Lowea for patients with the acute renal failure which occurs after the 
transfusion of an incompatible blood or a septic abortion or bilatera 
renal calculi. In this type of case the kidney ceases to excrete any unne 
and there is in consequence an increase in the urea and electrolyte in 
the blood and body fluids It has been found that the loss of fluid from 
the lungs and skin is about 600-1000 ml. a day and the fluid 
should not exceed 1000 ml. for an adult, i.e. about 154 ml. per kg. Tne 
volume should be reduced proportionately to the weight of the in 
vidual. The diet should not contain any protein since the blood urea 
rises rapidly owing to the break-down of the muscle proteins. 

The diet suggested consists of: — 


Glucose 
Peanut Oil 
Acacia 
Vitamin A 
Vitamin D 


400 g. 
100 ml. 
q.s. 

3000 I.U. 
600 I.U. 


» Priestley, J. G. (i93*b Physiol., 55, 305- ® P' 

3 Bull, G. M., Joekes. A. M., and Lowe, K. G. {i949}. Lancet, 2, 229. (i95®J* 


Clinical Science, 9, 379- 
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Thiamine 
Riboflavine 
Nicotinamide 
Ascorbic acid 
Water 

Calorie Value 


3 mg. 

1 mg. 
50 mg. 
50 mg. 
to 1000 ml. 
2570 


This mixture has an unpleasant taste and is best given as a continuous 
gastric drip at the rate of 42 ml. per hour. If the patient \oinits. the 
fluid is collected, strained through lint and added to the food container. 
This high Calorie diet reduces the amount of protein which has to be 
broken up to the small amount which is necessary for the “wear and 
tear" of the body,^ the blood urea increases very slowb’, about 50 mg. 
per 100 ml. a day. The amount of salts or electrolytes in the bod>- are 
sufficient, seeing that none are lost, and the 1000 ml. of water suffices 
for the loss of vapour by the lungs and skin. 

The patients feel comfortable on this regime and, unless the con- 
dition had become very serious before treatment was started, often 
recover. As soon as urine begins to bo excreted, the electrolytes in the 
urine should be estimated and the appropriate amounts together with 
volume of water should be added to the food container to ensure that 
the right balance is maintained. When the blood urea is once more 
within normal limits and over 1000 ml. of urine arc e.xcreted, the 
gastric drip is terminated. A diet such as the one suitable for a patient 
convalescing from acute nephritis with sufficient glucose and fat to 
raise the Calorie value to 2500 calories should be given. 

The glucose-peanut oil diet can also be given to patients in ur.'emia 
from other causes. Since in these cases either an acidjcmia or alkahemia 
is present and the electrolytes are often abnormal, the serum electrolytes 
must be estimated (see p. 607), and a diet low in sodium or potassium 
instituted (see pp. 595 and 598). 


8. Diseases of the Ner\ox 4 s System 

Dietetic measures are of comparatively little value in the treatment 
of nervous diseases. In most cases the food must be adapted to the 
condition of the patient's other organs. 

Epilepsy. This condition has in the past been treated with various 
dietetic restrictions such as abstinence from meat, purines, aiid alcohol; 
the substitution of sodium bromide for sodium chloride was also 
advocated. Experience has shown that none of these regimes has any 
real effect, but that a ketogenic diet in which the carbohydrate ration 
is very small in amount and the fat ration very large is of more value. 2 

• UuoNBR. (iQoS), Arch. F. Hygiene. 66, 45. 

8 Peterman. (1924), Amer. fourn. Dis. Children, 37, 28. (1927), Journ. Amet. 
Med. Assoc.. 88, 1868. 
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The ketogenic diet is no longer used for this purpose as it has been 
replaced by several new drugs. It was also of use in the treatment of 
urinarj' infection since the oxybutjTic acid killed some types of 
bacteria at /)H 5-2.* But again the introduction first of mandelic acid 
and then of sulphonamides has rendered the use of this unpleasant diet 
unnecessary. The details will be found in the lOth Edition (p. 667). 

Certain neurological conditions which may either be a severe neuritis 
or a sub-acute combined degeneration of the cord may occur when the 
patient has a pernicious anjEmia or a hcemolytic ansmia, though it may 
occur in patients who are not anamic. The condition is greatly improved 
by intramuscular injections of a potent liver extract or of cyanoco- 
balamine (Bu). Folic acid, one of the fractions of the vitamin B com- 
plex (p. 140) wliich cures the anaemia, has no effect on the neurologi- 
cal conditions which may develop while the folic acid is being given. 2 

Chorea is a complication of Rheumatic Fever which usually occurs 
in children. Special care must be taken in feeding children when the 
movements are very violent. A fluid diet of this type used for the 
treatment of an acute fever should be given though the calorie value 
need not be so high since the temperature is usually normal. 

In the treatment of headaches— especiaWy of the periodic migrainous 
or bilious variety — diet is sometimes of great help. During the attack 
the patients usually eat and drink very little and should be allowed to 
have anything they may fancy. The evidence that migraine is caused 
by certain foods is not convincing, as the offending food is very difficult 
to determine cither by the history or skin tests. If any food is known 
to be followed by headache it should not be eaten. 

\'arious tj'pes of diet are sometimes useful; a strict purine-free diet 
(p, 536) with the avoidance of the methyl purines in tea, coffee; a 
considerable reduction in the amount of meat eaten; a strict vegetarian 
diet; the avoidance of all "fancy” diets. A full Caloric diet should be 
given between the attacks so as to ensure good health. 

9. Diseases of the Skin 

There are four ways in which diet may conceivably influence the 
skin :3 (i) By affecting general nutrition; (2) reflexly from the ali- 
inentaiy' canal; (3) by giving rise to the absorption into the blood of 
irritating or decomposition products or by producing allergy; (4) by 
the elimination through the skin of certain constituents of the food. 

It must be admitted, however, that when we come to use dietetic 
methods in the actual treatment of cutaneous disorders, we find 

» Filler. .\. T,, and Colebrook. L. (i 933 ). Lancet. 2, 735. 

2 Spies and Stone. (1947). Lancet, i, 174. 

3 Walter Smith. (189M). Brit. Joutn. of Dermal., 7, 328. 
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ourselves greatly hampered both by our ignorance of the precise part 
played by diet in any given case, and by the always unknown factor 
of personal idiosyncrasy. So much is this the case that it may be said 
without fear of contradiction that there are but few diseases of the skin 
in which treatment by diet is of much value, and that the potentialities 
of this line of attack are much less promising than patients generallv 
believe. 


In the great majority of cases of skin disease, therefore, either no 
special rules of diet are required, or they must be drawn up with 
reference to the patient’s general condition without regard to the state 
of the skin. There are a few cutaneous diseases, however, in which dift 
may be of some direct help, and these may be briefly considered. 

Urticaria. This is the clearest instance of a skin disease being 
affected by diet. The urticarial wheal develops some hours after eating 
either a common article of food like shellfish, fish, eggs, pork or bacon, 
milk, cheese, pickles, strawberries, and other fruits, or to some un- 
common food to which the patient is sensitive. Sometimes it only 
develops when the food is not quite fresh. The treatment consists in 
avoiding the special article of food. This is easy if the food is an un- 
common one, but difficult to achieve in the case of a common article 
like an egg. In the latter case an attempt should be made to desensitize 
the patient by subcutaneous injections of an alcoholic precipitate of 
the offending substance. 

Eczema. Some cases arc caused, or made worse, by some articles 
of food like rhubarb, tomatoes, sour fruits, pungent articles like ginger, 
over-ripe cheese, and high game. Children may be sensitive to milk or 
eggs. Alcohol usually aggravates the condition either because of tlio 
impurities which give the flavour to the wine or spirit, or by dilating the 
skin capillaries. In some cases a strict milk diet may be helpful if it is 
known that the patient is not sensitive to it. The diet should always be 
plain and simple, so that any injurious article of food can be easiU' 
detected. A low-salt diet does not appear to be of any value. If a patient 
is fond of rich food and is inclined to be stout, a general reduction of 
food and drink is often beneficial. 

Acne Vulgaris and Seborrhoea. These conditions arc apparently 
made worse by excess of carbohydrate food, and especially of chocc)- 
lates. It has been found that the constituent in chocolate which 
aggravates the acne is cocoa butter. 


Lupus vulgaris. This condition has been treated witli Finsen ligl»t 
for many years and it has long been thought that the impro\H-inent 
which occurs is due to the calciferol which is formed by the ultra-xdolet 
rays in skin. Treatment with big doses, 150.000 I. Ik of calciferol b\’ 
mouth, will often cure the condition. 

In psoriasis various "systems” of diet occasionally meet witli success. 
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Bulkley‘ recommends absolute vegetarianism, forbidding even milk 
and eggs, and says he has seen the worst eruptions disappear under 
such a plan, whilst per contra the quite opposite regimen of meat and 
hot water only. 2 or an exclusively milk diet, has proved successful in 
the hands of others. In the majority of cases, diet has probably little 
or no influence. 

In rosacea the diet should be arranged to meet any form of dyspepsia 
which may be present (pp. 546 et seq.), but alcohol, tea, coffee, spices, 
and anything which causes flushing of the face must be rigidly excluded. 

In pruritus, especially of the anus or vulva, all highly-seasoned 
salted, or preserved foods should be avoided, besides alcohol and coffee. 
Should diabetes be present, the dietetic indications are, of course, the 
same as for that disease (pp. 506 ct seq.). 

In concluding this section, one cannot do better than quote the wise 
words of an eminent dermatologist “After all, rt is in comparatively 
few cases of skin disease that the diet is really of any particular import- 
ance. . . . Put not your faith in printed dietaries, or indeed in any 
general formularies. .Above all, remember that the patient Inis larger 
and better opportunities of obsei^’ation than the doctor, and, if he is a 
person of ordinary intelligence and self-control, he should be trusted. 
The doctor, who attempts to dictate as an oracle in the matter of diet, 
is like Lord Fojipington’s bootmaker, who insisted that he knew better 
than his client whether or not the shoe pinched.” 


10. Allergy 

Foods are disliked for various reasons. It may be that they are badly 
cooked or cooked in some way which is different from the usual way on 
whicli the patient has been brought up at home. It may be that the 
actual taste is disliked or it may be pure prejudice, either as a result of 
upbringing by someone who disliked the food and instilled the distaste, 
or an instinctive dislike like that of a lady who had never eaten a 
tomato — although she would pick one for other people— because she 
knew she would not like it. On the other hand there are people who 
refuse good, well cooked foods because they know, by bitter experience, 
that the}' will be ill. Such people used to be called “Fads, but it is 
now recognized that the}' often have reason on their side. Thus soiiie 
people refuse eggs because they know that vomiting, diarrheea, urtic- 
aria or asthma will follow. The amount of egg white in the glaze of a 
bun or that which is necessary to make the bread crumbs stick to fried 

1 Journ. Alucr. Med. Assoc., (190S), I'cbruan' 22. 

- Parkes. (1S7.J), Lancet, i, jzz: unci Malcolm Morris. (1906). PTaclilioiirr, 
76. 575- 

Malcolm Morris, op. cil.. 76, 58^. 
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fish has caused vomiting, while the filtering of cotfee through egg- 
shells caused a bad attack of asthma in an egg-sensitive boy. Some 
people are sensitive to one kind of food, whether it be beef, mutton, 
pork, chicken or one kind of game, rabbit, horse-meat or one kind of 
fish. Raw eggs are much disliked by some people with gastric disease, 
as they cause discomfort, and at least one patient who h.id had a 
severe haematemesis has discharged himself from hospital because the 
physician insisted on giving him raw eggs in milk, which he could not 
“abide.” Fruits will similarly affect a few people; thus strawberries 
may cause an urticaria. Some again are upset by wheat proteins and 
not by rye or barley or vice versa. It is now known that it is the gluten 
of wheat or rye which causes cceliac disease in children. Some people 
again are upset by either Indian or China tea or by both. In some cases 
the food does not disagree if it is absolutely fresh, but if it has begun 
to go “ofi” symptoms will develop in one person whereas the rest of the 
party are quite unaffected. Thus a “sleepy” pear will cause severe 
diarrhoea and vomiting within the hour in one person and fish or meat 
which is slightly tainted may similarly affect one person only. People 
who arc “upset” in this way are said to be “allergic” to the particular 
food. 


The task of discovering the particular causative factor for the vomit- 
ing, diarrhaa, asthma, urticaria, and other skin diseases may be 
exceedingly difficult. If the incident follows very soon after the eating 
of a particular food like an egg on many occasions, the attention of the 
mother will be drawn to it, but as vomiting may have also occurred 
after a piece of cake made with eggs, the egg sensitivity may not be 
recognized for some time. A careful history will often give a ]>ointer to 
a particular. Fortunately many “sensitive” ]>coplc will give a “skin 
reaction” when an alcoholic extract is ai)plied to a lightly scratched 
surface, and this, if well marked, will clinch the diagnosis. Ihifortun- 
ately, the skin may give a mild reaction to many stibstances. Howev er 
it is important to recognize that if a patient refuses to eat a certain 
food he should not necessarily be regarded as a “fadtlist." If a particular 
food can be identified, the patient should refrain from eating it. It is 
possible in some cases to desensitize the person against the food. 


PlI'D 



CHAPTER XXIII 

SOME DIETETIC "CURES” AND “SYSTEMS” 

In the earlier part of this book reference has been made to the 
so-called milk, whey, koumiss, grape and orange “cures.” In the 
present chapter we propose to deal briefly with some of the more 
elaborate “systems” of diet which are sometimes useful in the treat- 
ment of disease. That such systems are occasionally of great therapeutic 
value no one can deny, but they must be used discreetly, bearing in 
mind the dangers and fallacies inherent in all attempts to treat disease 
on a “system,” regardless of the peculiarities of the individual case, 
and remembering that no such system can ever be a panacea, but is 
at best of restricted, and often only of temporary, value. The reckless 
and uncritical advocacy of the faddist can only serve to bring such 
systems into disrepute. 


Veget.arian and Lacto-vegetarian Diet 

In a previous chapter (pp. 390-2) the question of vegetarianism was 
discussed in detail, and the conclusion arrived at that it is not a form 
of diet which is to be unreservedly commended for healthy persons. 
People who live on a pure vegetarian diet wthout eggs or dairy foods 
keep well for a long time but may later develop weakness of the limbs 
with severe spinal pains.* If eggs, milk, and cheese are eaten together 
with a vegetarian diet all the necessar}' amino acids are eaten and the 
general health appears unaffected. None the less, as a mode of treatment 
in certain cases of disease, such a regimen is deserving of the ^eful 
consideration of the medical profession, and all the more that hitherto 
it has been mainly c.xploited by the large body of "amateur” prac- 
titioners. 

There are certain well-recognized peculiarities and properties of a 
meat-free diet which justify the expectation that it will prove of use 
in some morbid states. In the first place, such a diet is comparatively 
free from the purine-bodies, the share of which in the production of 
gout has already been discussed {pp. 53C-9), besides containing almost 
always less total protein than a mi.xed diet. In the second place, a diet 
from which meat is excluded, and which contains a large proportion 


1 WoKBS. F. (1952), Proc . Nutriiion Soc.p 6» io8. 
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of milk, tends greatly to prevent the stools being evil smelling. Now, 
there is some reason to believe that certain obscure conditions of 
general ill-health may be produced and maintained when the stools are 
really offensive and the urine contains indican. In the third place, such 
a diet is peculiarly rich in inorganic material if milk, eggs, and cheese 
are included, and although the part played by these in metabolism is 
at present but ill-understood, there is yet reason to believe that, by 
altering the “balance” of the salts in the body, nutrition may some- 
times be influenced for good. It also reduces the intake of acid-forming 
substances and tends to raise the alkali reser\'e. In the last place, a 
diet which is of mainly vegetable composition leaves a large residue in 
the bowel, and may counteract a tendency to constipation of the 
atonic type with all its attendant evils; moreover it increases the intake 
of vitamin C. 

Much careful observation and clinical cxjicriment will certainly be 
required before we are able clearly to discern exactly in what cases 
a diet of this sort is likely to be of benefit, but meantime, the following 
list of diseases in wliich there is at least presumptive evidence that a 
vegetarian or lacto-vegetarian regimen exercises a beneficial influence 
may be tentatively put forward.* 

(1) Corpulence complicated by atonic constipation in middle life. 

(2) Alcoholism. 

(3) Some forms of functional dyspepsia and intestinal affections of 
nervous origin. 

(4) Idiopathic neuralgias and those having a gouty basis. 

(5) Headaches and other disorders dependent on atonic constipation 
in neurasthenic, hysterical, and epileptic patients. 

(6) Many cases of nervous insomnia. 

It is almost always wise to make the change from an ordinary diet 
gradually, and in many cases it is inadvisable to continue the ^’cgeta^ia^ 
plan for longer than six weeks at a time unless the patient has been 
greatly benefited. 


Fruit and Raw Vi:get.\bi.j-: Cukes 

We have referred elsewhere (p. 382) to the so-called “(>rape Cure, 

but from time to time diets have been introduced into which raw fiuit 

and vegetables enter largely if not exclusively. Lahmann ad\ocatod 

such a diet many years ago, and it has been re-introduced in German^'. ^ 

* Sm L. Kuttner. (1902). Berliner Klinik, January; Aluu. (1902), Die Vege- 
dtische Didi (Leipzig: Georg Thicmc), 130. 


oaucrDrucn-Hcrmannsclorlcr-ocrson uiot alter iib limci . 
GtiALMERs Watson. (1930). The Med. Press. Sopteinber 10, 207). 
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Its chief feature is the large use of fresh fruit and raw vegetables witli 
little meat and no common salt, the place of which is taken by a 
vegetable salt. Fresh milk, eggs, and whole-meal bread are allowed in 
moderation. Lahmann also advised the use of vegetable fats in cooking. 

Such a diet is, of course, of low protein and Calorie value and from 
the character of its mineral constituents is ‘‘alkalizing.” It is to a large 
extent also "salt free” (see p. 112), and has a laxative tendency. 

These diets may be expected to be of use in obesity and atonic 
constipation and to have some diuretic action, and may be advised in 
the same diseases and disorders as a lacto-vegetarian regimen. 

A diet consisting of the juice of eight to twelve oranges is sometimes 
recommended. This contains 40-60 g. of sugar and an excess of vitamin 
C, but no protein. 

In most of these diets the patients will not be in nitrogenous equilib- 
rium and will break up their muscle proteins. 


The H.\y Diet 

In this system it is recommended that protein and carbohydrate 
should not be eaten at the same meal. It is claimed that an almost 
unbelievable gain in health results from this procedure. The diet has 
also been used as a cure for obesity. It has already been pointed out 
(p. So) that when protein is eaten without any carbohydrate, the 
amino acids are broken down immediately so that the carbohydrate 
fraction of the amino acid can be used for energ}^ purposes. Tlie NHa 
group is converteil into urea and excreted in the urine. Thus none of 
ttie amino acids are available for conversion into protein for use in the 
body. The same ob.ser\ ation has now been made with the intravenous 
injections of protein digests for patients who cannot take any food by 
mouth (p. 60S). It was found necessary to give glucose at the same time 
in order to ]>revent the excretion of the whole of the nitrogen into the 
urine within a sliort time. In the light of this experimental evidence, 
the principle of eating all tlie animal protein at one meal without any 
carboh3'drate foods would mean that, all the amino acids derived from 
the first-class protein would be lost and that the amino acids derived 
from the second-class proteins present in wheat, etc., would have to be 
used for building up into tlie bodv proteins. Thus the experimenters 
would be much worse off than the vegetarians who do at least use the 
first-class protein present in milk, cheese and eggs. For these reasons 
we do not propose to givo any details of the diets used as we un- 
hesitatingly consider that they are dangerous. 

Exch'sive Protein Diet 

That man can live on a predominating!}' protein diet is undoubtedly 
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true. The Eskimos have used this diet for ages and Stefaiisson* in hi.s 
Arctic expeditions showed that it was possible to live on animal and 
fish foods alone. He felt well and was able to undergo great hardships. 
The amount of fat eaten with the protein is considerable. 

He and Andersen lived on this diet for a >'ear in the United States 
and under close supervision in the Bellevue Hospital for three months, 
and were passed fit in every respect. 

Such a diet was practised j^cars ago under the name of the Salisbury 
cure and great claims were made for it; e.g. that it cured or alleviated 
chronic articular gout, some skin diseases such as psoriasis and certain 
intractable forms of dyspepsia, especially when iissociated with atonic 
dilatation of the stomach. The system has fallen into desuetude and is 
omitted in this book. The details of tlic treatment will be found in 
earlier editions. 


ZOMOTHER.aPV 

By the term “zomotherapy” {Ztofios. meat-juice) is meant treat- 
ment by raw meat or raw meat-juice. This was used in the treatment of 
patients with anjemia, neurasthenia, debility, convalescence, and 
latent, incipient, or active tuberculosis. There is no evidence that raw 
meat-juice aids these conditions and its use is fraught with some risk 
since the eggs of parasites may be ingested. Details of the diet will be 
found in the 7th Edition. 


Low-Salt Diet 

The average amount of common salt in an ordinary' diet is about 
10 g. per day, and although it is impossible, even were it desirable, 
to construct a genuinely "salt-free” diet, yet by a judicious selec- 
tion of foods it is easy to reduce the <laily intake to about 2 g. 
Such a limitation of salt is of use in the treatment of the droj^sy, of 
cardiac failure and of chronic parenchymatous nephritis. It was 
shown by Widal — to whom much of the credit of introducing the salt- 
free diet is due — that a chronically inflamed kidney is incapable of 
excreting common salt freely. It is now known that the sodium is 
excreted with difficulty while the chlorine ion is rcadilj' excreted with 
potassium (Blum). The sodium is therefore retained in the body, and. 
in order that the normal composition of the body fluids may be main- 
tained, water is kept back also, with the result that dropsy sets in. 
When the amount of salt in the food is reduced the percentage of it in 
the blood gradually falls, the salt which has been stored up in the 
dropsical effusion is drawn upon to make good the deficiency in the 
blood, and with its withdrawal the dropsy subsides. Such, put briefly, is 

i Stefansson, V. (193O), Adveniurcs in DUt. 
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the rationale of the plan, and of its usefulness in cases of chronic 
parenchymatous nephritis, and also, though less conspicuously, in 
cardiac dropsy, and in the ascites of cirrhosis there can be no doubt 
(see p. 583). A salt-poor diet is easily arranged, and the following diets 
containing o-i g. and 0-5 g. of sodium chloride are usefulA 


Food List for Low-Salt Diets 

Foods Forbidden 

Foods Allowed in Additional Foods Allowed i« Diets with 
Strictly Low-Salt Diets. in Less Strict Diets. Salt Restriction. 


Barley sugar 
Boiled sweets 
Bread, low-salt, with or 
without casein 
Butter, low-salt 
Cornflour 
Cream 

Cream cheese, low-salt 
Flour 

Fruit, fresh, stewed, or 
tinned 
Fondant 
Gelatine 
Golden syrup 
Green salads 
Honey 
Jam 
Jelly 
Macaroni 
Marmalade 
Meat dishes, low-salt 
Milk, low-salt 
Mustard 

Nuts (not salted) 

Olive oil 

Pepper 

Rice 

Sugar 

Tapioca 

Tomatoes 


Chicken, boiled 
Chocolate 

Fresh fish, steamed or 
boiled without salt 
Fggs 

Meat, stewed wthout 
salt. No gravy 
Milk, cow’s 

Vegetables, raw or 
boiled without salt or 
soda (beetroot, carrots, 
celery, radish, spinach, 
watercress) 


Bacon 

Baked beans 
Beef, corned 
Beef, salt 
Bloater 
Bread, baker’s 
Butter, salted 
Gravy 

Haddock, smoked 

Ham 

Kippers 

Meat extracts 

Olives, bottled 

Salmon, tinned 

Sardines 

Sausages 

Shellfish 


Vegetables, raw or lx>ik'd 
without salt or soda 
(not beetroot, carrots, 
celery, radish, spinach, 
^vatercress) 

Vegetables fried in salt- 
free butter or olive oil 
Vinegar (distilled white 
wine) 


1 Abrahams, M., and Widdowson. E. M. (1951). Modem Dietary Treatment, 
Baillifere. Tindal & Cox, pp. 203-5. 
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Low-Salt Diets 
Diet I 

{Strict, containing about o-i g. sodium chloride) 

Breakfast. 

Grapefruit or other fruit, fresh or stewed, with sugar if desired. 
Low-salt casein bread, toasted if desired. 

Low-salt butter. 

Jam or marmalade. 

Tea or coffee with low-salt milk and sugar as desired. 

Dinner. 

Low-salt meat or savoury dish. 

Vegetables, boiled without added salt or soda. 

added as desired. 

Stewed fruit. 

Cream or custard-powder custard or blancmange 
Low-salt casein bread. 

Tea, 

Low-salt casein bread. 

Low-salt butter. 

Jam. marmalade, honey, tomato, or mustard and cress. 

Tea with low-salt milk and sugar as desired. 

Supper. 

Low-salt casein bread. 

Low-salt butter. 

Low-salt cream cheese. 

Raw tomato with pepper. 

Tea or coffee with low-salt milk and sugar as desired. 

Diet II 

(L«s strict, containing about 0-5 g. sodium chloride) 

Breakfast. 

Grapefruit with sugar. 

Low-salt bread. 

Low-salt butter. 

Boiled egg. 

Jam or marmalade. 

Tea or coffee with cow’s milk and sugar as desired. 

Lunch. 

Beef stewed without salt. Curry powder may be added if desired. 
Potatoes and boiled rice. 

Vegetables boiled without added salt or soda. 

Baked apple. 

Cream if desired. 

Tea. 

Low-salt bread. 

Low-salt butter. 

Jam, marmalade, honey, tomato, or mustard and cress. 
Shortbread. 

Tea with cow's milk and sugar as desired. 


Low-salt butter may be 
made with low-salt milk 
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Dinner. 

Cold boiled chicken or steamed fish. 

Green salad or celcr>', radishes, or tomato with pepper. 
Low-salt bread. 

Low-salt butter. 

Tea. coffee, or cocoa with cow’s milk and sugar as desired. 
The salt contents of some common articles of food are — 


Ham 

4 

mg. per 
oz. 

595 

Lentils 

4 

mg. per 
oz. 

ID 

Bacon 

4 

314 

Flour 

4 

S 

Cheese 

• 

260 

Nuts 

9 

. 1^8 

Bread (baker’s) 

4 

146 

Greens 

# 

. 2 

Fresh butter 

4 

63 

Rice 

• 

. 2 

Sea-fish . 

4 

• 34^54 

Potatoes 

4 

I 

Egg 

9 

47 

Fruit 

4 

1 

Meat 

4 

20 

Freshwater fish . 

• 

. I^w 

Milk 

$ 

. 12 

Peas 

4 

. Trace 

Oatmeal . 

» 

• 10 





The Potassium-poor Diet 

The i>reparation of a potent extract from the cortex of the adrenal 
gland wliich is now used in the treatment of patients with Addison’s 
disease lias greatly increased our knowledge of this disease. It is now 
known that the adrenal cortex controls the sodium of the body and 
that in Addison's disease the blood sodium is lower than the normal of 
3-5 350 - while the potassium in the blood is increased 

above the normal of 18 mg. per 100 ml. because the blood volume is 
conccMitratod.* Further work has shown that there is a direct antagon- 
ism between the potassium and sodium of the blood. s Thus in a case of 
.Addison’s disease an increase in the potassium intake from i to 4 g. 
low’ered tlie blood sodium from 325 to 310 mg. per 100 ml. in five days 
and increased the outj>ut of sodium in the urine from 220 mg. to 440 mg. 
a day. 

These observations suggested that a diet containing little potassium 
might be of value in the treatment of Addison’s disease. It has been 
found tliat with tliis diet the expensive cortical e.xtract necessary for 
health can be either greatly reduced in amount or given up altogether. 
Unfortunately the diet is apt to be unattractive and lacking in variety. 
The tables prepared by Miss M. Abrahams, late Dietitian at St. Barth- 
olomew’'s Hospital, ami her colleagues, luc vciy' useful in arranging a 
diet and should enable patients to get the variety which they need. In 
a recent case (under the care of G. G.) the blood potassium decreased 

1 Loeb, R. F. (1032}, Sdfuce. 76, 420. 

2 Wilder, R. M.. Snell. A. M., Jvehler, E. J.. Ryne.vrson, E. H., .Adams, 
M,. and Kendal, E. C. (lOiW- ^'loc. Mayo Clinic, ii, 273. 
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from 24 to 18 mg. when 10 g. of sodium chloride was given; kept at 
18 mg. \vith the use of salt and 10 ml. of cortical extract, and decreased 
from 18 mg. to 13*5 mg. when a diet containing i -5 g. only of potassium 
was given, although no cortical extract was given. 

The potassium-poor high-sodium diets must be used with caution 
when dcsoxycorticosteronc, one of the active principles extracted from 
the adrenal cortex, is used either by injection or by implantation of a 
pellet. The general condition usually improves greatly, the blood 
chemistry becomes normal but some oedema of the legs may develop 
and the blood pressure may rise. In some of these cases death may 
occur veiy^ suddenly at the very moment that the prognosis seems 
especially good. It is believed that the low potassium in the blood plays 
some part and it seems wiser not to prescribe a low potassium diet 
when dcsoxycorticosteronc is being given, but to restrict its use to the 
mild cases which do not need any injections of cortical e.xtracls.*. 2 

In some patients with urenemia the scrum potassium may be ver\’ 
high 39 •! mg. (10 m. Eq.) per 100 ml. The immediate treatnn nl is to 
give 50 g. of glucose intravenously followed by 50 units of insulin. Tliis 
reduces the serum potassium temporarily since it is laid down with the 
glycogen in the muscles. A low potassium diet should be given to such 
a patient seeing that the potassium is excreted with difficulty . * 


The Potassiu.m-poor Diet containing 1-50 o. oi- Potassiv.m 


Breakfast. 

2 oz. white bread ....... 

1 egg . . . . • • • 

ij oz. raw apple, or other fruit, amoiint in list (or contatiun 


Potassium 

(«■) 

o-io 

0-07 

(f 


0 05 g.K) 

2 oz. milk in tea or coffee 


0-05 

o-io 


Dinner. 

3 oz. roast beef, mutton, port, steamed or fried cod. or stcamcil 

plaice, or anj' other meat or fish in the list .... 0 30 

2 oz. carrots, or marrow, or other vegetables, amount in list (or 

containing 0-05 g. K) ....... 0-05 

2| oz. potatoes cut very small and cooked in ciglit timts their 

volume of water ........ ‘>10 

6 oz. stewed apples, or 5 oz. stewed pears, or other fruit, twice 

amount in list (or containing O'lo g. K) .... o io 

3 oz. Cheddar cheese and J oz. sweet or water biscuit ot ^ o/. 

cereal and i oz. cream as j)ud«ling (cereal cookeil in water \vith 
sugar, and cream added before serving) .... 0 05 

* Kumlman, D.. Pagan, C.. I'ERiuaiEK. J. W., Atciii.i-v. D. W., aiul I.oeh, 
11 . 1 «. (1939). Science. 90, 49G. 

2 Tooke, T. B., Power M. H., and Kkm.er, F-, J. Vtoc. M<iyo Chute. 

3 (> 5 - 

“BywaiERS, IL. G. I.. (H9.i.|), Anur. Me!. .!■■■ . I2.i, 1 i<>j 

* Bul»., G. M. (1951-52). I’roc. Hoy. Sue. Med.. 45, 
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Tea. 

2 oz. white bread ........ o-io 

I J oz. jam or I oz. lettuce or i 02. tomatoes . . . . 0-05 

2 oz. milk in tea ........ o-io 

Supper. 

li oz. white bread, or I oz. biscuits, not digestive . . . 0-07 

oz. salmon or haddock or chicken, or 3 oz. stewed beef or 
boiled mutton, or three times meat or fish in list . . . 0’i5 

2 oz. orange, or other fruit, twice amount in list (or containing 
o'log. K) ......... o-io 

2 i oz. butter all day o-oi 


I '50 


Sugar or glucose, butter, suet, and salt may be taken as desired. 

Ordinary gravy and the water from cooked fruit or vegetables must not 
be used. 

Special gravy may be made wth cornflour and water, coloured with 
browning and s^ted. 


Portions of Carbohydrate Foods containing 50 mg. of Potassium 

{.^) Vegetables. Cooked in the usual way 


Asparagus, boiled 
Broad beans, boiled 


Beetroot, boiled 
Brussels sprouts 
Cabbage, boiled 
Carrots, boiled 
Cauliflower, boiled 
Celery, boiled 
Celery, raw . 
Cucumber, raw 
Leeks, boiled 
Lentils, raw weight 
Lettuce 
Marrow 


oz. 


02. 



y 

Onions, boiled 

2I 

% 

• 5 

Onions, spring, raw 

i 

r 

• 1} 

Parsnips, boiled 

i 

% 

. .1 

Peas, fresh, boiled 

I 

♦ 

. 1 

Peas, dried, boiled 

. 

. 

• 

• ‘I 

Potatoes, old, boiled 



. 2 

Potatoes, new, boiled 

' 


. 1 

Radishes .... 

. 

1 

• n 

Spinach, cooked without water . 

. 


• i 

Spring greens, boiled 


4 

• Ji 

Swedes, boiled 


% 

• i 

Tomatoes .... 

i 

• 

i 

Turnips .... 

I 

1 


3 

4 

■y 

Watercress, raw 

i 


Vegetables. Cut very finely and cooked in eight times their volume of water 


oz. oz. 

Asparagus . . Parsnips . . • • 

Cabbage . . • ij Peas, fresh or tinned . • 

Carrots . . Potatoes . • • • 

Cauliflower . . • *1 String beans . . . • 'i 

Onions . . • -i Turnips . • • • 
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Apricots, dried, stewed 
Apricots, raw, fresh 
Apples, raw, eating 
Bananas 

Blackberries, stewed 
Blackcurrants, stewed . 
Cherries, raw 
Cherries, stewed . 

Currants, dried 
Damsons, raw 
Damsons, stewed 
Green figs . 

Gooseberries, ripe, raw . 
Gooseberries, unripe, stewed 
Grapes 
Grapefruit . 

Greengages, raw 
Greengages, stewed 


(B) Frxtits 
oz. 

J Lemon-juice . 
f Melon, cantaloupe or yellow 
ij Orange or orange-juice 
A Peach, fresh, raw 
li Peach, dried, stewed 
I Pears, raw, eating . 

5 Pears, stewed 
I A Pineapple, raw 
i Plums, raw dessert, or .stewed 
^ Prunes 
1 Raisins, dried. 

3 Raspberries, raw 
1 Raspberries, stewed 
1 .V Red currants, raw or stewe«l 
3 Rhubarb, stewed 
3 Strawberries, raw 
A Sultanas, dried 
1 " Tomatoes, raw 


oz 

li 

I 

I 

i 

\ 

>2 

2ft 

i 

1 

A 


A 

1 

A 


Almonds 

Barcelonas 

Brazils 

Chestnuts 


(C) Nuts 


J Cobnuts . . • • 5 

J Desiccated coco-nui I 

J Peanuts . . • • t 

J Walnuts . . • • I 


The above fruits are weighed with their stones if they arc 
with them. 


usuall\- served 


{D) Starchy Foods 


Biscuits, sweet or water. 
Biscuits, digestive 
Biscuits, cream crackers 
Bread, brown 
Bread, white 
Cornflour 


Chocolate, plain or milk 
Cocoa 

Golden Syrup 


OZ. 

Flour 

07. 

• ^ \ 


Oatmeal, or Quaker Oats, 

rii\y 

\ 
, 1 

• a 

weight 


Rice, raw weight 

. J 

2 

I 

Rusks 

. 

Tapioca 

. lO 

(£) Sugar 

oz. 

J 

Rich Foods 

Honey . • • • 

oz. 

. .u 

. '1 

i 

Jain 

2 

Klarmalade 

4 
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Portions of Protein and Fat containing 50 mg. Potassium 


oz. 


oz. 


Bacon, raw weight 
Beef, corned. 

Beef, roast or salt, boiled 
Beef, stewed 

Butter . . . . 

Cheese, cream 
Cheese, Cheddar . 

Cheese, soft .... 
Chicken, boiled or roast 
Cod, steamed or fried 
Crab, boiled 
Cream, 50 per cent 
Egg (one contains about 70 
mg. of Potassium} 

Haddock, fresh or dried, 
steamed .... 
Hake . . . . 

Ham, lean, boiled 
Kidney, stewed ox 



i 

i 

m 


Lobster, boiled . . . f 

Milk, fresh, whole . . i 

Milk, evaporated, sweetened or 
unsw’eetened • • • i 

Milk, skimmed, sweetened, 
condensed . . . i 

Mutton, boiled . . . | 

Mutton, roast . . . . i 

Mutton neck, stewed . . i 

Plaice, steamed ... A 

Pork, roast, or salt, boiled . ^ 

Rabbit . . . . i 

Salmon, fresh steamed or tinned I 
Sardines, tinned . • • i 

Sole, steamed . . . i 

Sweetbreads . . . } 

Tripe, stewed . . .16 

^’■eal, roast .... A 


Foods containing Negligible Amounts of, or no. Potassium 

Sugar, glucose, lactose Tapioca 

Butter, suet Tripe 


Sour Milk Treatment 

Curdled milk has long entered into the diet of many countries in 
the Near East (e.g. Roumania, Bulgaria, the Caucasus), and owing 
to the vivacious advocacy of Metchnikoff it had an enormous vogue in 
this country in the early years of this century. Soured milk therapy is 
still practised and has some advantages in treatment of dyspepsia. 

The theory of its use is that the milk-souring bacilli antagonize the 
growth of the putrefactive bacilli and so, if established in the large 
intestine, prevent the production of histamine, tyramine, indol, and 
phenol in that part of the body. Metchnikoff assumed without sufficient 
evidence that the products of putrefaction shortened life.* 

The "fermentation” of milks* in their country' of origin is used to 
preserve the milk, and to make a pleasant and "stimulating" comest- 
ible. Yeasts and lactic acid bacilli are used for this purpose. Of the 
bacilli the strains utilized are the Bacillus hulgarictts (Metchnikoff), 
which occurs naturally in the cow, the Bacillus acidophilus found in 

> Metchnikoff. (1907), The Prolongation of Life , p. 16, 

* For the account of these products the authors are indebted to Dr. Cuthbert 
Dukes. 
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man, and the Bacillus bifidus found in the alimentary tract of the 
infant. The differences are very slight but the Bacillus bulgaricus is 
more resistant and more active. Cultures of lactic-acid-producing 
microbes {usually cocci) are utilized in the souring of milk for the 
production of margarine. 

Soured milk is intended (i) to change the flora of the large intestine, 
and (2) to produce an easily digested milk. Of the two reasons the latter 
is the more important, for the curds are smaller and softer than those 
normally produced in digestion of whole milk. It is not possible to 
change the flora of the intestine merely by feeding cultures by the 
mouth, but excess of lactose in the diet will encourage tlie growth of 
lactic-acid-producing microbes in the large intestine, even in the 
absence of soured milk or artificial cultures taken via ilte mouth. 

Commercial preparations of the lactic acid bacilli are put up in the 
form of tablets and ampoules. Both contain negligible quantities of 
living bacilli if taken by the mouth but can be used as "starters" in 
building up a culture. 

The Preparation of Acidophilus Milk, (i) From whole milk. Boil 
the milk and cool it to about 42'’ C. Inoculate the milk with i tablet 
of a good commercial culture and keep it either in a thermostat at 
42® C. or in a thenno.s Ihisk at this temperature for about 2.} hours. 
Subculture it dail}’ by adding two to three tablespoonfiils to freshly 
boiled milk when its temperature lias fallen to about 24 C. It takes 
about a week before a suflicieiitly good culture is obtained and the 
milk curdles in about 12 hours. The curdled milk can either be eaten at 
once or placed in a refrigerator until it is wanted. 

(ii) From unsweetened condensed milk. Pour the milk into a scalded 
pan. Wa.sh out the tin with an equal (luantity of boiling water an<l 
add it to the condensed milk. Allow it to cool as above and add the 
commercial culture. 

Commercial Preparations of Soured Milk. Kefir. An effervescent 
soured milk jirepared in its country of origin from cow’s, goat’s, or 
sheep’s milk. K^fir "grains" are used. These are masses of yeasts, 
moulds, and lactic-acid-producing bacilli. Ihesc are inoculated into 
the milk, which is kojit in large leather bottles which an* kcjit warm and 
shaken periodically. This soured milk contains i per cent. lactic acid 
and 2 per cent, alcohol. 

It is prepared by adding Kefir grains and commercial strains of 
lactic acid organisms to pasteurized milk kept at room temperature for 
12 hours. 'Fhe resulting fluid is strained and fermented for 24 hours at 
I2-I5*C. The higher the temperature, the more alcohol and the lower 
the temperature, the more lactic acid is formed. 

Koumiss is fermented marc's milk. 

Yoghourt. The countries of origin are the Balkan States. It is made 
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from cow’s or sheep's milk, boiled to half its volume, cooled and in- 
oculated with some of the previous preparation as a starter. It consists 
of a semi-solid creamy substance containing 2-3 per cent, lactic acid 
and bacilli of the Bulgaricus strain plus streptococci. There is no 
alcohol in this preparation. 

Sundry^ dairy firms ^vill carry out the production of K^fir and 
Yoghourt in this country. 

The \'alue of soured milk as a therapeutic agent is somewhat doubt- 
ful, but it has been recommended in cases of chronic ill-health without 
obvious cause, in neurasthenia and intestinal affections — e.g. colitis, 
fermentative diarrhoea, constipation — besides gout, arterio-sclerosis, 
and some skin diseases. As regards many of these affections it may be 
pointed out that there is little or no proof that they are really the result 
of intestinal putrefaction, and any improvement w'hich soured milk 
may produce in them is probably to be ascribed to the fact that it 
j^rovides an easily-digested form of food and so improves the patient’s 
nutrition. In cases of hyperchlorhydria and chronic gastritis soured 
milk is contra-indicated. 



CHAPTER XXIV 


ARTIFICIAL FEEDING 

AND ARTIFICIAL AND PREDIGESTEI) FOODS 

In this chapter we shall consider the methods of administering food 
otherwise than by the mouth, and describe some patent and artificial 
foods not yet dealt with. 


Artificial Feeding 

Rectal Feeding and Nutrient Enemata 

Rectal feeding has constituted a therapeutic resource ever since 
medical science existed,' but it is only within recent times that the 
value of this method of administering nourishment has been subjected 
to careful scientific scrutiny. 

Water is readily absorbed in the form of tap water. It is best given 
by a continuous rectal drip at the rate of 125 ml. per hour and 3000 ml. 
can be given in the 24 hours if nothing is taken by mouth. Normal 
physiological saline is not well tolerated as the salt irritates the 
mucous membrane so that it soon ceases to be absorbed. In any case if 
3000 ml. were given in the day it would entail the giving of 27 grammes 
of sodium chloride which would be too much for the kidney to excrete. 
If one-fifth normal physiological solutions arc used they are much 
better retained and the total salt administered in 3000 ml. is 5-4 
grammes, which the kidney should be able to excrete easily. One-third 
normal physiological solutions are also used and 3000 ml. would mean 
the excretion of 9 grammes of sodium chloride. 

Carbohydrates. Glucose is the only sugar which can be absorbed 
from the large intestine. If used in a high concentration it irritates the 
mucous membrane and is rejected after a while. Mutch and Ryffel* 
found that a 6 per cent, solution was well tolerated and this can be 
given either in tap water or one-fifth normal physiological saline as a 
rectal drip at the maximum rate of 125 ml. per hour, or 3000 ml. jXT 
24 hours if nothing else is taken by mouth or intravenously. In this 
way 180 g. of glucose can be administered and supply 738 Calories. 

' For a sketch of the history of the subject, see the valuable monograph by 
A. P, Gros, TraiUment de certaine$ Maladies de I'Estomac par la Cure de Repos 
absolu, etc., Paris, 1898. 

2 Mutch, N., and Ryffel, J. H. (19*3). Brit- Med. Journ., x, ill. 

605 
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While the in iilenco is in fa\uiir of the absorption of glucose alone 
of the sugars from the s-»hilions given i>er rectum (Tallerman),* it is 
not clear whether tlie sugar is absorbed from the large intestine or 
whether it must pass into the small intestine before absorption can 
lak(‘ place. Davidson and Garrv^ have shown that practically no 
absorption of glucose or of any mono-saccharide takes place from the 
large intestine and cacum of tiie rat. When, however, sugar was 
injected into the small intestine of the rat under the same conditions of 
anasthesia, etc., a large proportion of the sugar was absorbed. 

I'ri'ti'ifis. llie ab.sorj>li\i' powi-r of the large intestine for proteins 
has lu cn invi stigated many times ami it was thi 'light by earlier workers 
iliat substances like jX‘)>tone, eggs with salt, raw beef-juice were well 
absorbed, lail later observations ti-nd t(* throw much doubt Ujxin the 
trustM’orthiness of ihe «.-aiiier experiments upon the absorption of 
proteins from nutrioul eiiemata. Ri'iKlle Sliorl and Bywaters, for 
instance, wlio niine'^tigated thi' whole subject, came to these con- 
clusions: 

I. 'I'he older oIjmi vat ions on the absorption of foodstuffs from rectal 
memala. based on the an.dv.ds of rectal “wash-oiils,” are unreliable. 

j. Hie ilailv out pill of nitrogi n in the urine of patients given nutrient 
em in.ita of milk or j /iitonized for twenty or thirty minutes 

deinon>tr.iles that .dti’.o^i m.i nitrogenous matter is absorbed. 

j. Mod' in phw-ioli.gieal opinion lioMs that ]'roteins are absorbed 
I'lineipaliy as amino acids. '1 he failure of the n ' tiim to absorb ordinary’ 
nuiri. nt enmiai.i i- larg. ly due to the fact that peptones are given 
in^l^ ad of .nniii" .e ills. 

-p t henii' dlv pia paiad amino aci'.ls. or milk pancreatized for 24 
hours >o that aii.iuo aeids are se]-arated, allows of a much better 
.disoiption <'f nitio,. loodstulfs from the rectum, as demonstrated 

in live cases b\' llu- higli nitrogen output in the urine. 

5. llie low oui|iut of amim-nia nitn)L;rn sliows lh.it this high output 
was not due to tlu' absorjuioii of pulrrfaetive bodies. Ihe rectal 
washings were not oii(-n>i\e. 


l‘i i-e iM.'i 1 ' Milk 

Hull 1 1 jiiiim ..f milk in ll.isk. i.ml tu 17 l'. 
Add J o/. - t an .i. tur }M!h re.itii pi''i\ir.ition. 

I \ 07. nf 

Ktvp nt C. ii>r J4 li.^urs. 
tiivc 5 *7 M/. cM iy four hours. 


Fats. These ha\o be«.-n gixiii as a suspeiisinn, but there is little 
e\’idence that they are ..!-<.rlH^l .iml tlx \- sliould not be gi\'en. 


> 'I ALI-LRM (loiu). pa"-' l-ntu Mill. 13.350 
- LLWii’SON. J N. and Uarkn. Jt Jount. I’/iysioI.. u". 
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Nutrient suppositories cannot be recommended. They usually 
contain peptone, but at most not more than 8 g. in each, which means, 
even assuming complete absorption, an energy value of less than 35 
Calories. The value of such suppositories is negligible. 


Intravenous Feeding 

Water, Sugar and Salt. These are best administered by the intra- 
venous route if a patient cannot take anything by mouth. For a short 
infusion the vein may be pierced by a fine needle, but for a long infusion , 
one to three days, it is better to cut dowm on a small vein and tie in a 
cannula. The antecubital veins should not bo used except in emergency 
as it is verv uncomfortable for the patient to keep his arm quite still. 
A cannula should never be tied into this vein as this will destroy it 
completely. 

If after an abdominal operation a patient can take nothing by moutli 
he should be given a five per cent, glucose solution either in nonnal 
physiological saline, followed by 2000 ml. of one fifth normal physio- 
logical saline containing five per cent, of glucose. If nothing is gi\ en b>- 
mouth, this amount of fluid is well tolerated and will contain 150 g. of 
glucose supplying 615 Calories and 12-6 g. of sodium chloride.' 

This procedure is quite safe for 24 hours, but after this time it is 
essential to estimate the potassium and sodium in the serum. 2 If the 
operation has been a severe one, potassium leaves the cells in the 
muscles and may be retained in the serum if the kidneys are unable, for 
some reason, to excrete it. The sodium replaces the potassium in the 
cells and the serum sodium decreases. Hence potassium shouUl never 
bo given until more than 24 hours after the operation and an estimation 
of the serum potassium has been made. After this period the serum 
potassium may be low and the cells of the body suffer from lack of 
potassium and from an excess of sodium. This condition rights itself 
as soon as the patient can take meat extract, and soups, and other 
foods which are rich in potassium. 

If the patient is unable to eat. it is necessary to give fluid intraven- 
ously; and the amount of sodium and potassium which is desirable 
being' determined, after these electrolytes have been estimated in the 
serum.* The following solutions are of value:^ 

(<2) If the serum potassium is reduced to 10-12 mg. per loo ml.; 


Sodium chloride 
Potassium chloride 
Glucose 
Water 


6-44 g- 
2-44 g- 

50 g- 

to 1000 ml. 


> Jones, F.. Averv. and Morgan, C.. Naunton, (1938), St. Barts. Rep.. 71, S3 
* Graham, G. (1954). Brit. Med. Journ., l. 225. 

8 Cooke, R. E,, and Crowi.ey, L. G. (1052). New Engl. Jontn. Med.. 246, (>37 


Qifi> 
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(6) If the patient is very ill and the serum potassium less than lo m.g 
per 100 ml.: 

Potassium chloride . . 2*24 g. 

Glucose . . . . . 50 g. 

. . . .to 1000 ml. 

The decision to give potassium intravenously should only be taken after 
the serum potassium has been estimated and an electrocardiogram 
taken. 

Since the Calorie value is low, 615 Calories, the patients will lose 
about 5 to 7 g. of nitrogen a day wliich must come from the breakdown 
of muscle protein, and will also lose a good deal of fat (see p. 579). 

If it is given for more than two days at least 25 mg. of ascorbic acid 
should be added to the perfusion fluid. If the patient had not been 
saturated with ascorbic acid before the operation, at least 1000 mg. 
a day should be given for three days in order to ensure the healing of 
the wounds. 

Amino acids. Protein hydrolysates in intravenous alimentation. 

Various attempts have been made to give patients sufficient food 
to maintain life at a high level by intravenous methods. These have 
been successful in the hands of research workers and may be avail- 
able for ordinary use and a short account of the work is given here. 
The proteins have been digested either by hydrolysation with acids, 
alkalis, or with enzymes. The disadvantage of the acid hydrolysation 
of casein is that tryptophane is destroyed in the preparation and it 
together with methionine and cystine must be added. The alkaUne 
hydrolysate preserves the tiy'ptophane but destroys the methionine 
and cystine and a mixture of acid and alkaline hydrolysates has been 
advocated, but its trial has not yet been reported. Digestion Nvith 
enzymes like trypsin or papain or with a mixture (Beattie) has been 
used. 1 hese have the advantage that the amino acids are not destroyed 
but the digestion takes several days instead of a few hours and sterility 
of the mixture is difficult to maintain. 

Technique. A solution of protein hydrolysate plus lo per cent, 
glucose is made up in cold freshly distilled w’ater and passed through 
a Berkefield filter autoclaved for 30 minutes at 5 lb. pressure (Elman, 
1940). This is injected into a vein at a rate 300-500 ml. an hour. As 
much as 3000 ml. in the 24 hours containing 75 g. of protein hydrolysate 
and 300 g. of glucose (Calorics 1537) have been given and this has been 
maintained for 23 days by Elman. ‘ It \vas possible in this way to 
maintain the body in nitrogen equilibrium and in weight which is 
remarkable as the Calorie value is so low. Taylor* (1943) gave much 

r Elman and Liscuer. (1943), . 4 Mn. Surgery, 118, 225. 

2 Taylor et al. (1043), .•!»», Surgery. 118, 215. 
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larger doses — 200 g. of the protein hydrolysate together with 300 g. of 
protein by mouth to a patient who was very ill with extensive burns. 
The treatment was continued for over 40 days and the patient, who 
at the outset seemed likely to die, recovered. The protein hydrolysates 
have been used for patients with malignant disease of the cesophagus, 
stomach and ulcerative colitis and it was usually possible to maintain 
nitrogen equilibrium. If, however, the output of nitrogen was very’ large, 
as occurs after operations, it was not possible to attain nigrogen equili- 
brium. (Elman, 1939. 1940). 

Good results have been obtained in patients with severe burns.* 
The results with dysentery and severe ulcerative colitis are gopd, but 
those with liver diseases are conflicting. Alstruter et al.,^ 1942, thought 
they were contra-indicated, but Landesman and Weinstein, 2 Stewart 
and Kourke,3 found that the patients used the digests and often with 
benefit. They are also of value in promoting the regeneration of plasma 
proteins after hemorrhage and it was found that cystine was of greater 
value than methionine, which is not present in horse serum albumen * 

Examination of patients who have died during the course of treat- 
ment showed that the hydrolysate was not responsible for any of the 
deaths. 

Although tliosc observations suggested that great benefit might be 
obtained by this treatment, it now seems unlikely. The injection may 
bo followed by flushing, burning of the skin, headaches, backache, 
rigors, abdominal pain, nausea, vomiting, phlebitis and thromboses. 
This is due to impurities, and it was hoped that it would be possible to 
prepare solutions which were reliable. Unfortunately this has so far not 
occurred, and since the complications are unpredictable, the use of 
these solutions has decreased. 

A mixture of the ten essential amino acids, <f-threonine. </-valino, 
/-leucine, rf-isoleucino, </-lysine, /-trj'ptophane, /-phenyl alanine, 
/-methionine, /-histidine, </-arginine. has been used and is said to give 
good results. The cost of the pure amino acids is so great that the 
method is impracticable at present. 6 

One of the difficulties of intravenous therapy is to give sufficient 
Calories to maintain an ill patient in nitrogenous equilibrium with the 
amino acids and glucose. Attempts are being made to add an emulsified 
fat to the infusion, and if and when this succeeds and either the protein 
hydrolysates become reliable or the amino acids are prepared cheaply, 
the method should be valuable. 

* Altstbuter and Taylor. ( 1943 ). Arch. Insl. Med.. 70, 749. 

2 Landesman and Weinstein. (1942). Surg. Gyii. Obst., 75, 300. 

3 Stewart nnd Rourke. (1942). Proc. Soc. Exp. liiol. Med., 51. 369. 

* Brand and Kassell. (1941). J- Pio. Chem., 141. 999. 

3 Magee, H. E. (1948), Brit. Med. Journ., l, 4. 
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They should be useful in the treatment of patients with malnutrition, 
but the evidence at present suggests that plasma given intravenously 
to begin with is more useful for the very ill patients. 


Subcutaneous Feeding 

The injection of nutritive substances under the skin was first intro- 
duced by Menzel and Perco in the year 1869, ^ and is now very little 
used as this has been replaced by the intravenous route. Sugar and salt 
may be given subcutaneously in the same quantities as for intravenous 
infusions if these cannot be performed and the patient cannot take 
anything by mouth or by the rectum. 


Artificial Foods 

The objects of artificial foods may be said to be either (i) to present 
a maximum of nourishment in a minimum of bulk, or {2) to enable one 
easily to enrich the diet in respect of certain of its chemical constituents. 

In regard to the former of these objects, it is well to realize at the 
outset wliat degree of concentration of food is chemically possible. Let us 
take first the case of the proteins. Lean meat may be regarded as the 
type of a natural protein food. It contains about one-fifth of its weight 
of that constituent, the rest being chiefly made up of water. If all the 
water is driven off from 5 oz. of meat, there will be left behind about 
an ounce of what is practically pure protein. Now, this may be regarded 
as the maximum degree of concentration of which protein food is 
capable. In other words, an ounce of any artificial protein food can never 
represent more than 5 oz. of lean meat. A more concentrated protein 
food than that is a chemical impossibility. We can realize from this 
the absurdity of such preparations as beef-lozenges. Even if these did 
consist of pure protein (which they never do), it would require i oz. 
of them at least to be equal in food value to 5 02. of fresh meat, so that 
the amount of nutriment contained in one lozenge must be very small 
indeed. 

Starch is the most concentrated carbohydrate food and i g. supplies 
4 *15 Calories. It cannot be eaten raw, and in the cooking takes up water 
and ceases to be a \'ery concentrated food. Biscuits are an exception 
since the water is evaporated after it has been cooked. Cane sugar and 
lactose supply 3 *95 Calories per i g. , and are slightly better than glucose 
at 3*75 Calories. Lactose and glucose are less sweet than cane sugar 
and are therefore better tolerated if large amounts are added to a diet. 

1 For the history of subcutaneous feeding, see Bauer, "The Dietary of the 
Sick” (Von Ziemssen’s Handbook of General Therapeutics, i, 271), and Leubk in 
Leyden’s Handbuch der Erndhrungstherapie, i, 513. 
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Malt extracts come next since they always contain some water. 

The same is true of fats. No artificial preparation can have a higher 
food value than pure olive oil, which contains no water, or dripping, 
from which all the water has been driven off bv heat. Ordinarv butter 
contains four-fifths of its weight of pure fat. 

There arc, then, distinct limits beyond which the concentration of 
foods cannot be carried, and the idea that "food tabloids" might be 
prepared, one or two of which would be the equivalent of an orclinar\' 
meal, is seen to be an impossible dream. At the most, all that the maker 
of concentrated artificial foods can hope to do is to drive off from th<- 
natural food the excess of water which it contains, and even then most, 
if not all, of the original water must be returned to the food before it 
can be eaten. 

It may be questioned, too, whether the use of highly concentrated 
foods is physiologically defensible. The digestive organs are not con- 
structed for the disposal of foods in an extremely compact form, Such 
forms of nutriment make large demands upon the secretorj' powers of 
the stomach, and arc apt to be irritating to tlie digestive organs, iti 
addition to which the total absence in them of "ballast" renders them 
unable to suj^ply an adequate stimulus to the peristaltic movements 
of the intestines. As exclusive foods, therefore, such preparations are 
eminently unsuitable. 

The second object of these substances, that of enabling us to enrich 
the diet in certain ingredients, is more legitimate. Here the artificial 
food is used simply as an accessory to supplement the lack of protein, 
carbohydrate, or fat in other articles of diet. Their small bulk is here a 
decided advantage, for it enables them to be added to fluid foods with- 
tiut appreciably increasing the total amount of material to be swallowed 
and in many cases of illness this is a desirable thing to do. 

W'c may conclude, then, tliat concentrated foods are only to be used 
as accessories, and that they have no legitimate place in tlie dietary of 
health. 

In cases of illness, however, they have a definite but limited sphere 
of action. In these circumstances, when appetite is in abeyance, it is 
often a question not so much of getting the patient to take much 
nourishment as of persuading him to eat at all. It is then that the 
artificial foods serve a useful purpose, for they can be varied to suit 
the caprices of the patient, and though the amount of actual nourish- 
ment which they yield may be small, they may yet kindle a desire for 
ordinary foods. The value of any artificial preparation in such a case is 
not to be estimated by the amount of energy it yields, so much as by 
its a-sthetic qualities and the degree to which it pleases the patient. 
Suggestion, in fact, plays a large part in bringing about whatever good 
results artificial foods are capable of producing. 
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Artificial Protein Foods 

1. Undigested— (fl) Milk Products. Most of these infant feeds (p. 495) 
contain protein fat and carbohydrate, but the half-cream foods have 
less fat. Others like sprulac and casilan have little fat and are enriched 
in protein. W^e the skimmed milk has practically no fat but is high 
in protein and sugar; the wheys are very high in sugar, moderately low in 
protein and very low in fat. All these foods are useful when a patient 
cither has a poor appetite or it is desired to increase the protein of the 
diet. They can be added to milk, or milk puddings and will not be 
noticed by the patient; dried egg powder is also of value in this respect. 

(&) Meat and Fish. These are now obtainable in a “dehydrated” state, 
but as they have to be soaked in water before use they cease to be 
concentrated foods, though they can be used to thicken soups. 

(c) Vegetable Proteins. These are no longer available in a concentrated 
form. 

2. Digested Protein Foods or Peptone Preparations. These had 
at one time a considerable vogue in dietetics. The proteins are 
partially broken down in the normal stomach to peptones and al- 
bumoses {p. 207). They can either be prepared at home (p. 606) or a 
commercijil preparation heptalac (Cow and Gate composition: water, 
87-9 per cent., soluble proteins chiefly albumoses 4*2 per cent., carbo- 
hydrate 6-2 per cent., fat 0-9 per cent., inorganic constituents o*8 per 
cent.) may be useful. If these products are given to a healthy person 
they are further broken down in the course of digestion to polypeptides 
and amino acids in the same way as the original proteins, and are 
therefore capable of replacing them. Their use should relieve the 
stomach of some of the preliminary work of digestion. In practice this is 
of little value as the stomach and intestines are rarely so damaged that 
they are unable to digest the protein of eggs and milk. In such a case 
intravenous therapy, either with electrolytes or protein hydrolsyate 
may be tried. Further, these products are liable to cause diarrhoea for 
some unknown reason if given in large amounts, though they are well 
tolerated in small quantities. 


Artificial Carbohydr.\te Foods 

Many patent foods which might justly be included in this section 
have been already dealt with under the cereals, pulses, etc., or in the 
section on Infant Foods. The only group which remains to be considered 
is the malt-extracts. These are prepared by evaporating down an in- 
fusion of malted barley at low temperatures or in vacuo. The object of 
evaporating them in that way is to preserv'e in an active form the 
diastatic ferment present in the malt; and the special apparatus 
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required for this purpose is one cause of the expense of such pre- 
parations. 

The following table contains the results of the analyses of some 
standard malt-extracts: 


Composition of Malt-Extracts 



Total 

Solids. 

Keduc* 

ing 

Sugars 

as 

Malto^. 

Pro- 

tein. 

Dex- 

trin. 

A$b. 

Diastatio 

Units. 

Kt'plcr E.xtract of 

Malt 

7«-5 

65-5 

5-5 

6*2 

J -3 

— 9OO-XOOO 

Standard Malt- 

extract 

79-4 

60-3 

6-5 

10-5 

1-4 

— 30-40 

Extract of Malt 

80 

505 

5 -i 

■ « « 

I -2 



The average value of these foods is 58-6 g. of sugar. 5 *8 g. of protein. 
8-3 g. of dextrin, and the Calorie value is 283 per 100 g. i oz. yields 
about 80 Calories, or a little more than one egg. The diastatic value is 
low except in the Kepler Extract of Malt. 

In the above analyses the whole of the nitrogenous matter has been 
counted as protein, but it is very doubtful if that is quite accurate. 
Some of the nitrogen is almost certainly present in other forms. 

Malt-extracts may be prescribed with one or two objects: (i) To 
enrich the supply of carbohydrates in the diet; (2) to aid the digestion 
of starchy foods by means of the diastase which the extract contains. 
The advantages possessed by malt-extracts for accomplishing the 
former of these objects arc not quite apparent. Treacle and golden 
syrup both contain a considerably higher percentage of sugar, and are 
vastly cheaper. It is true that malt-sugar is less apt to irritate the 
stomach than the cane-sugar which treacle and syrup contain, and 
although not capable of direct absorption as such, maltose may yet be 
regarded as a partially digested form of carbohydrate. But in both 
these respects we have in ordinary honey a superior food. 

Honey has the following composition: 


Water 
Invert sugar 
Cane-sugar 
Protein 
Ash 


16 to 13 per cent. 

71-4 

•2-60 

0-4 


That is to say that it is actually richer in sugar than malt-extract, 
but has less protein and no dextrin; the Calorie value of i oz. is 104. 
Furthermore, the sugar of honey is really in a predigested form, and 
ready for immediate assimilation. As a source of carbolndrate. 
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therefore, honey is in every way preferable to malt-extracts, besides 
being a good deal cheaper; and it may be used wth great advantage 
in every case in which one wishes to supplement the supply of carbo- 
hydrates in the diet. 

The second property of malt-extracts— that of acting upon starch 
b}' means of the diastase which they contain — is but rarely present in 
the mind of the prescriber. The cases in which such an action is desired 
are not, indeed, at all numerous, and are practically confined to the 
group of so-called amylaceous dyspepsias. Even in such a case malt- 
extract is not the best preparation to employ. No matter how carefuUy 
the extract may be prepared, it always seems to lose something of its 
diastatic power in the process; and it is far more certain, as well as 
cheaper, and one may add pleasanter, to make an infusion of malt at 
home, and either use it as a beverage at meals, or, preferably, stir it 
into starchy foods, such as puddings or gruel, before they are eaten. 

The value of milk-sugar as a means of supplementing the carbo- 
hydrates of the diet must not be forgotten. Its comparative freedom 
from sweetness makes it specially suitable for such a purpose. If J oz. 
of it is dissolved in 5 or 6 oz. of milk, the nutritive v^ue of the latter 
is increased by nearly 60 Calories. Tliis may often be taken advantage 
of in feeding patients with acute fevers. 

The number of preparations which contain the various vitamins has 
now grown so large that it has been reluctantly decided to omit the 
full list. It was last published in the Pharmaceutical Journal, 1948, and 
in the loth Edition of this book. 

A vitamin preparation should not he used unless the contents are clearly 
stated on the label in either international units, mg. or 

The values for the different vitamins are expressed either in international 
(l.U.) units or those in common use and in terms of the actual vitamin if 
this is knowm. The weights of the ^•itamins are expressed either in milli- 
grams (mg.) or in microgramme (/tg. —\d15s part of a milligramme). 

Vitamin A. One intemationaJ unit (I.U.)=o*6 fig. of pure ^-carotene. 
=0*34 fig. vitamin A acetate. 

Vitamin B. One l.U. =*3 ftg. and 333 I.U.=i mg. 

Other vitamins of the B complex: 

Ribofiavine. There is no international unit and one Sherman unit 
=2 *0-2 *5 /ig. of pure ribofiavine. 

Nicotinic add (P.P.). The pure substance is known. 

Vitamin There is no international unit and one rat unit =5 f*g* 
(circa). The pure substance is known. 

Vitamin C. One l.U. =0 05 mg. and 1 mg. of ascorbic acid —20 units. 

Vitamin D. One l.U. =0-025 #*g- calciferol. 

Vitamin E. (o-Tocopherol) One l.U. = i mg. of the standard substance 
(synthetic racemic a-tocopherol acetate). 

Vitamin K. There is no international unit and the Dam units are given. 
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Abdominal plethora, grape cure in, 
382, 593 

Absinthe, 433, 453 

AI)sorption of proteins, fats and car- 
bohydrates. 210 

[see also under various foods) 
Achylia, 565 

Acici-base equilibrium. 112-15, 579 
Acidity of foods. 112-15 
of gastric contents, 200 
Acidosis caused by foods, 114 
Acids of fruits and vegetables. 113. 
379 

Acne. 142, 589 

Adolescent girl, need for iron. 101-2 
Aerated bread, 281 
distilled waters. 404 
milk. 334 
waters. 404 

— varieties of. 403-6 

Age, food requirements at dificrent, 
54.9, 229 

inducnce on basal metabolism. 43 
Agcnc, 45 

Albumin, excretion of. in renal dis- 
ease, 580, 582 

Alcohol. 442-5» 504-7 

amount oxidizablc in body. 423-4 

505. 

an<l neuritis, 424 
as false stimulant, 424 
as food and fuel. 423 
idiosyncrasy in consumption. 423. 

425. 506 
in beer. 426. 436 
in bread. 281 

— disease, 502-6 

— koumiss and kephir. 343. 603 

— spirits. 426 

— wines, 441, 445-52 
local eOcets, 423 
no vitamins in. 423 
paralysing action, 424 
physiological effects. 423-5 
pharmacology of, 424-5 
proof spirit. 426 
use in fevers, 502-6 

— health, 453-5 

— hospitals. 425, 502-7 

Rifd 


Alcohol (conli fitted) 

use in obesity, 523, 530 
vascular paralysis, due to. 425 
Alcoholic beverages. 425-55 
Ales. 434-5 
Alga?, 106 

Alimentary tract, diagram of. 209 
Alkalies, addition to milk. 335 
Alkalinity of foods, x 12-15 
Allergilac, 495 

Allergy. 11. 320. 340. 355. 578. 5S8-91 
Allspice, 395 
Almonds. 305, 307. 516 
Aluminium. 1 1 1 

Amino-acids. 61-4, 83, 86, 221. 315. 
476, O08 

Anaemia and lack of iron. 102-3 

pernicious, dietetic treatment. 577 
Ancurine, 127-32 
Aneurism, dietetic treatment, 576 
Animal foods. 323-77 

compared with vegetable foods. 77, 

*3<5> 3*3» 390-2 

Anisette, composition of. 432 
Anorexia nervosa. S35*‘6 
Anti-infective vitamin, 121-7 
Anti-ncuritic vitamin. 127-32 
Anti-ophthalmic vitamin. 121-7 
Antipcllagric vitamin. 135-9 
Anti-rachitic vitamin. 151-6 
Anti-scorbutic vitamin. i4X-5i 
Apdrilifs. 453 
Apollinaris water. 403 
Appetite, as stimulant of gastric juice, 

199 

Apples, composition of, 149, 380-1, 
516 

Apricots, amount of sugar in. 516 
composition of. 125, 381. 516 
Arrowroot, 312 
Arterial hypertension, 576 
Arthritis, dietetic treatment, 539 
Artichokes. 31 1. 388 
Artificial feeding, 605-10 
of infants. 472-8 
Artificial foods. 610-14 
{see also Infant Foods) 
carbohydrate, 612-14 
— golden syrup. *258. 613 


615 
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Artificial foods {coiiiitiued) 

carbohydrate, honey. 259. O13 

— milk-sugar, 255, 473, 614 

— treacle, 258, 613 

fatty, cod-liver oil. 125, 152-4 
protein. 612 
"As purchased." 32 
Ascorbic acid, 141-51. 381, 3S3-91 
Asparagine in vegetables. 30S 
Asparagus, carbohydrate in, 315 
cooked, composition of. 390 
Ass’s milk, 473 
Asthma, diet in, 578. 591 
Athletes, diet suitable for. 227 
Atonic dilatation, diet in, 559 
Australian wines, 446 
Availalnlity, 92-3. 102, 120 
Avitaminosis A. 122-4, 

Bi, 128-9 
Kibotlavine, 134 
nicotinic acid, 135, 137 

C, 142, 2C4 

D, 151-3. 2''4 
K. 159 

r. 158 

Axcrophthol, 121-7 


Bacon, 24, 78. 130, 104. idS, 361-2' 

371. 5''8 

digestibility of, 363 
Bacteria, in intestinal digestion, 203, 
ill, 214, O03 

Bain-marie, cooking with. iSo 
Baking, losses involved in, 181 
Baking-piiWiler, composition of. 281 
Ballast (srt Roughage), 213 
Banana as food, 381. 383-4, 510. 601 
Banting, treatment of obesity. 527 
Barcelona nut, 305 
Bailey, 295-6 
sugar, 25S 
Barley-water, 290 
addition to milk. 334 
Barlow's disease, 543 
Basal metabolism, 40-50 
factors inlluencing, 43-5 
relation to pathological conditions, 
45 

Basic foods, it 2- 15 
Beans, 299-303, 3S7, 390, 515 
Beef, caloric value. 24 

— composition of, 3'>o-2 

— raw, boiled and roasted, 1S3, 

362. 

digestibility of, 204 303-4 
losses on cooking, 183-5 
potted. 369 

protein value, 360-2, 517 
Beef Extracts, 373-5 



Beef-juices, 373 
in illness, 556. 561 
Beef powders, i66. 

Beef-tea, 373 
Beer, 434-7 

action on digestion, 437 
as food. 437-8 
German, 436 
manufacture of, 434-6 
strengtlx of, 436-7 
Beetroot. 388, 515 
Bcct-sugar, 256-7 
Bemax. 129, 136, 139 
Benedictine, 432 
Benger's Food, 497 
Beri-beri, 117, 118, 128 
cured by vitamin Bi. 129 
Beurlac, 495 
Biliousness, diet in, 575 
Biotin, 139, 140 
Biscuits, 285. 516 
diabetic, 520 
Bitters, 432 

Blackberries, composition of, 3S1 
Blood as article of food, 367 
influence of water on volume of, 
400 

Body heat, loss of, and skin area, 
41-2 

maintenance by food. 15 
Body processes, food suitable for, 16 
Bones, composition of, 377 
Boorde’s Dyelary of Health, xii 
Botulism, 170 
Bourn vita, 419 
Bovril. 373 

Brain, animal, as food, 307-9 
cflect of alcohol on, 424 
food suitable for, 228-9 
importance of digestion of food for 
brain-worker, 229 

Bran (wheat), 264. 266-7, -77 
composition of, 266 
digestibility, 27S 
Brandy, 426, 431. 505 
Braril nuts, composition of, 305 
Bread, 279-SS 
absorption of, 286 
aeration, 2S1 
alcohol in. 2S1 

ascorbic acid, absence of. in, 264. 
276 

black, 270, 296 
brown, 283 

caloric value, 24, 283, 288 
changes undergone on keeping, 284 
composition of, 284, 288. 516 
— special, 288, 520, 
cooking of, 284 
diabetic, 520 
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Bread (cotUinned) 
digestibility. 284-7 
economic value of, 287 
fancy. 288 

fermentation process in. 279-80 
germ. 283. 288 

inorganic materials in, 274-76. 283 
made from maize. 294 
malted. 283. 288 
nutritive value. 278. 287-8 

— of white and wholemeal com- 

pared. 273. 278, 283 
patent. 283, 288 

proteins in. 264-6, 272, 278, 281, 
283. 288 

— defective absorption of. 286 
“pulled," 284 

staicness. causes <if. 284 
Vienna. 283 
vitamins in, 278, 288 
wholemeal. 278 

— absorption of. 273 

— — compared with white bread. 

273. 275. 276 

— — inorganic material, 275-6 

— composition compared with 

white, 283 

— digestibility of, 273 

— — compared with white, 273 

— inorganic constituents of. 274-6. 

283 

— proteins absorbed. 273 
Brcstol, 405 

Bright's disease, dietetic treatment, 

578 

(see also Nephritis) 

Bronchitis, diet in. 577 
Brose, 292 

Brussels sprouts, composition of. 

386-7. 515 

Buckwheat, 299 

Building material, cheapest sources 
of. 245 

(see also Protein) 

Bulgarian bacillus, in sour milk pre- 
parations. 602-3 
Burgundy. 4^6 

Burns, dietetic needs after, 499 
Butter. 249-51 

caloric value, 24. 251 
nut substitutes. 307 
use of in disease, 251 
Butter beans, cooked, composition of. 

303 

Butter milk, 342-3 

Butyric acid and butyrin in butter 
and margarine, 250. 252 

Cabbage, amount of carbohydrate in, 

515 


Cabbage (conli>it 4 ec/) 

composition of. 384, 386-7. 515 
effect of cooking on. 144-5, 386-7 
Cafe au lait, 415 

Caffeine, physiological effects. 418 
in tea, coffee and cocoa. 418 
Calciferol, 152 
Calcifjdng vitamin, 151-6 
Calcium, amount required daily, 93-7 

— during lactation, 96-7, 459 

— during pregnancy, 95-6, 457 
foods containing. 98 

Calf's-foot jelly, 377 
Calorie, coefficient of women and 
children. 6. 37-8. 53 
dc6nitioD of, 22 
intake and age, 46. 55-8 

— and activity, 46-51, 55 

— and sex, 48-9. 53 

— family. 37 

requirements, tables of. 56-7 
value of different foods, 24 

calculation of, 27 

Calories, source of in average diet, 
248-314 

, yielded by various foods. 24. 24S- 

314 

Calorimetry, 23 el seij. 

Cane-sugar, 255-6 
raw, 256 
Caramel, 258 

Carbohydrate foods, artificial, 612-14 
Carbohydrates. 16, 18-20 
absorption of. 210, 260, 273 
concentration of. maximum, 610 
effect of heat on. 19. 1S3, 284 
in vegetable foods 387-90 
source of muscular energy. 262 
Cardiac disease, acute, diet in, 575-6 
Carotene, source and staiular.l of 
vitamin A, 121-2 
Carragheen moss, 389, 

Carrara water, 405 
Carrots. 386, 388. 390. 515 
Casein, preparations, 344. 495 
Cascinogen. 333. 466, 475-6 

digestibility increased for infants. 
.323.324.327.486-7 
Casilan, 495 
Cassia, 395 

Cauliflower, composition of, 384, 3S7 
Caviare, 354 

Celery, composition of, 388, 3«jo, 515 
Cellulose, 19. 182-3. 264. 306, 391 
effect of heat, moisture, ami 
milling on. 182-3 
effect on digestion, 182 
in vegetable foods, 379. 391 
Celsus and dietetics, x 
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■‘^Cereals, 261-99 

antagonizing effect on vitamin D. 
153. 264. 544 

fat in. 266. 283, 285. 288, 289, 290, 

293. 295-9 

infant foods prepared from, 496-6 
inorganic matter in, 274-5 
products derived from, composition 
of, 266 et seq. 

Cerex, 497 
Chablis, 446 

Champagne, 449-50. 505 

Chartreuse, 432-3 

Cheese, 345-9 

calorie value, 24, 254, 346, 348 
protein value, 346. 348, 517 
Cherries, composition of, 149. 381, 

516 

Chestnuts, 305-7, 516 
Chicken, composition of, 362, 517 
digestibility of. 364 
Chicory, 415 

Children, calories required daily, 
54-8. 512-13 

carbohydrate requirement, 512-13 
diets for, 512-13 
fat requirement. 512-13 
feeding of, 224-6, 240-1, 489-93 

— — inorganic materials, 94-5, 

103, 105. 489-90 

— — protein, 81-5 

protein requirement. 81-5, 512-13 
Chlorine in diet, 110 
Chocolate. 259, 419, 421 
Cholesterol, 152, 317 
Choline. 132 
Cider. 451 
Cinnamon, 395 

Circulation, diseases of. dietetic 
treatment, 575-7 

Cirrhosis of the liver, dietetic treat- 
ment, 572-4. sfe also 70. 76 
Citrate of soda, added to milk to aid 
digestion, 334, 488 
Claret. 445. 450 

Climate, influence on food required, 
88-9. 232-6. 364 
Cloves, 395 

Cobalt, III, 141 
Cobnut, 305 
Cocoa, 415-421 

length of stay in stomach, 420 
malted, 419 

— nibs. 416 
nutritive value, 421 
soluble, 416 

uses of, 421 
varieties of, 416-19 
Coco-nuts, composition of, 305 


Cod, analysis of. 349-50 
c^orie value. ^50. 353-4 
cheapness for protein, 354 
protan value, 78, 349 
Cod-liver oil, as food, 3, 152 
as source of vitamins A and D, 225. 
127. 154. 544 

Coeflicients (see also Man values), 6. 
37*8. 58 

Cceliac disease, 93. 293. 294, 298 ' 

Coffee, 413-15 
as stimulant, 418, 421 
cereal. 422 

composition of, 414*15 
effects of excess of. 421 
varieties of, 413-14 
mth meals, 420 
Cold weather diet, 234-6 
Colitis, acute and ulcerative, diet in, 

564 

Colon, 212-15 

Colostrum, composition of, 465 
Concentration of foods. 610 
Condensed eggs, 167, 321-2 

Condensed milk. 167 331-2 
composition of, 494-6 
Condiments, 391-8 
(see also Spices) 

Conditioned food reflexes. 12-14, 239* 
244. 489-90 

Constipation, dietetic treatment, 213, 
570-2 

Contrexirille water, 403 

Cooker, fireless, 186-7 
Cooking, effect on composition of 
foods, 177-87 

Cooker, firelcss. 186-7 
Cooking, effect on composition of 
foods, 177-87 
slow, 185 
Copper, 111-12 
Cornflakes, 294, 516 
Cornflour, 294 

Com meal, composition of, 293 
Cow and Gate Infant Foods, 494-5 

Cow’s Milk, 323-40. 473*88, 516 
Crab. 354 

Cramp, miner’s, 107 
Cranberries, 115 

Cream, 341-2, 482. 503. 517, 532. 533 
as source of fat, 341*2 
clotted, Comi^ or Devonshire, 

342. 517 

Ice. 342 

Cr^me de Menthe, 432 
Cucumber, composition of. 386. 389, 

Cura9ao. 432 
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Currants, composition of. 149, 150. 

— dried, 384*5 
Custard-powders, 322 


Damsons, 381, 516 
Dates, composition of. 384-5 
Defecation, 2x3, 216 
Defective motility of alimentary 
tract, diet in. 562 
Dehydration, 167-8 
Dental caries and \itatnin D, 151,156 

tluorinc, 112 

Devonsliirc Cream, 342. 517 
Dextrin. 18-19. 178, 2S1 
Diabetes mcllitus, 506-520 
diets for, 508*14 

caloric value of diet in diabetes, 
510-12 

calorics and weight maintenance. 

5x2 

carbohydrate in diabetic diet, 
508-9. 5 ”^ 512. 513 
diet, with and without insulin. 508, 
5*8 

elderly patients. 508, 509 
fat in diabetic diet, 508 et seq, 
food tables for, 515-18 
foods, diabetic, so-called, 519 
foods predominantly carbohydrate, 

515 

fat, 517 

protein, 517 

high carbohydrate diet, 51 1 
insulin. 508, 518 

— protamine-zinc, 518 

— slow-acting, 518 
maintenance diet. 508 
protein in diabetic diet, 508 
tables, food, 5 15* 17 
use of. 518 

DiarrhOL*a, acute, diet in, 563 
chronic, diet in, 564 
ga^trogcnic, diet in, 565 
vitamins and. 570 

Diet, amount of protein, fat and car- 
bohydrate in. 16, 87 
and instinct, 12. 239-44 
and personal peculiarity, 236, 239- 
4 ^ 

at puberty, 226 
for athlete. 227 

- infants and children, 224-6, 

456-97 

— lactation. 230-2. 458-62 

— manual worker, 226 
mental worker, 227 

— pregnancy, 230, 456-8 
in disease, 489-614 
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mixed, digestion of. summar^^ 215 

— necessity for. 195 

— suitable for cold weather, 234 
hot weather. 234 

safe, 163-5 
surveying. 28-40 
temperature of, 206 
Dietaries, actual, of various classes, 
40-59 

group dietaries. 35*4^ 

Dietetic cures and systems. 592-604 
Dietetics, definition of. i, 5 
liistory of. ix-xviii 
inaccurate, unscientihe. 7 
normal, 223-47 
Dietitians. 7 

Digestibility. 320. 347. 362-4 
Digestion. 195-217 

influence of exercise and rest on. 
198, 216 

in intestine. 208-12 
in the mouth. 195-6 
in the stomach. 196- 20S 
objects of. 195 

of mixed diet, summary of. 215-1O 
rate of, for dificrent foods, 204 
{see also under various foods) 
Disaccharidcs. 18. 255-S 
Diseases, diet in. 489-614 
Diuresis, 340. 400. 412 
Dorsella. infant foods. 494-5 
Dough, in breadmaking, 279-82 
Dripping. 252-3 

Dropsy, cardiac, dietetic treatment, 
II. 576 

Duck, composition of, 362, 364, 517 
Duck's egg, composition of, 321 
Dysentery, dietetic treatment, 564 
Dyspepsia, acute. 554 

atonic or flatulent, diet in. 563 
diet in, 546-70 
functional. 559-63 


Economy in diet, 244-7 
Eczema, diet in, 589 

produced by contact with sugar. 

260 

"Edible portion," 33 
Egg-powders, 322 
Eggs. 315-22 

absorption of, 320 
albumin, 315. 590-1 
avidin in, 139, 316 
calorie value, 24O. 321 
carbohydrate in, 316 
changes when kept, 319 
— rotten, 320 
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Eggs {conliitued) 
cholesterol in, 317 
composition of, 316-20, 322, 517 

— compared ^vith meat, 319 
condensed, 321 
digestibility. 320 

dried, 195-6, 321 
economic value, 246, 321 
idiosjTicrasy towards, 320 
in children’s diet, 489 
mineral elements in, 317 
nutritive value, 321 
proteins in, 31^17 
rotten, 320 

shell, composition of, 316 
white, composition of, 316 

— digestibility of, 320 
yolk, composition of, 317 

— digestibility of, 320 

Ellis, diets in renal disease, 578, 5S2 
Endive, composition of, 388 
Edosol, 496 

Endosperm of wheat, 265-6, 289 
Enemas, 605-6 
Energen, 320 
Energy, 20-2 

amount aflorded by average diet, 
*4. 16, 37. 49. 50, 53, 56-9 
derived from food. 15-59, 248-314 
experiments on output of man, 22, 

23-7 

output per day, 47. 51, 53 
source of, for muscular work, 226, 
227, 262 

value of various foods, 24 
Enteric fever, diet in, 500-2 
Epilepsy, diet in, 587-8 
Ergosterol, 152 
Eskimo diet, 73 
Extractives in fish, 351 

— in meat, 357. 350. 372-5 
Extracts prepared from yeast, 375 

Fa?ces, 213, 216 
Farex, 497 
Fat, 17-18 

and carbohydrate, relation be- 
tween, 509 et seq. 

concentration of, maximum, 87, 
219-20, 611 

economical forms of, 245-6, 252 
effect of heat on, 178 
increase of, in body, 532-4 
Fattening diet, 532-4 
Feeding, subcutaneous. 610 
Fermentation process in bread-mak- 
ing, 279-81 
of beer, 434-6 
of kefir, 603 
of wine, 440 


Fever, change of metabolism in, 500 
and alcohol, 502-6 
diet in, 501-6 
— inillc and sugar in, 502 
enteric, diet in, 501-3 
Fibrositis, diet in, 541 
Figs, composition of, 384-5 
Fining. 435. 440 
Fircless cooker, i86 
Fish. 349-56 
absorption of, 352 
and allergy, 355 
as a “brain food,” 353 
comparative costs of protein and 
energy, 353 
composition of, 349-50 
cooking of, i 8 i -2 
digestibihty of, 352 
economic value of, 353 
fat. 349. 5*7 

fat. digestibility of, 352, 565 
fried v. steamed, 352 
nutritive value of, 352 
processing of, 351 
offal. 353-4 
roe, 353-4 
shell, 354-5 
white. 349, 517 
Flavours, 393-8 

Flatulence, diet in, 347, 392, 562 
Flour, 267-279 
addition of malt to, 283 
composition of, 272 
cookery of, 279-90 
diabetic, 520 
“self-raising,” 282 
Folic acid, I40. 577 
Follicular Keratosis, 142 
Fondants, 259 

Food and work, 15, 46-53, 58 
' analysis, 27 

as energy producer, 15-16. 24, 248- 
3M 

constituents in, 16, 17-20 
cooking of, 177-187 
definition of, 3-5 
digestion of, 195-222 
[see also under various foods and 
also Digestion) 
losses on cooking. 180, 183-5 
mineral elements. 90-115 
processing of, 162-82 
reflexes, 239-43 

reqnirements at various ages, 54-9> 
76-7. 96-7, 102. 124, 130-1, 154-5 
tables, 28. 514-20. See also under 
separate foods, 
unavoidable wastage, 33 
uses of, 16. 161 
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Foods, acidity and alkalinity of, 
112-15 

as purchased and edible portion. 

32-3 

protective, 162-5 
Force, 290, 516 

Forsyth's Dictionary 0/ Diet, xv 
Fowl, composition of, 362, 517 
Fractionation of food. 168-9 
Frailac, 495 
Frogs' legs as food, 356 
Fructose, 18, 19. 210, 217-18. 258, 
379 

Fruit diet cures, 382, 593 
juices, 406 

Fruits, as food, 378-84 

as source of vitamin C, 149-50. 
382-3 

carbohydrates in. 379-84. 516 
composition of, 379-84 
digestibility of, 380 
dried, 383-5 

effect of cooking on, 380 
mineral constituents, 98, loi, 102, 
no, 379 

odour and flavour of, 380 
sugar in, 379. 5 ^^ 
vitamins in, 125. 130, 136, 139, 
149-50, 381, 385 

Fruit sugar, 18, 210, 218, 258, 261 
Frumenty, 267 

Functional dyspepsias, diet in, 559- 
70 

Fuscl-oil in spirits. 427-8 

Galen and dietetics, ix, xi 
Gall-stones, dietetic treatment, 575 
Gas storage of foods, 172-3 
Gasiralgia, diet in. 561 
Gastric contents, acidity of. 200-2, 
204-6, 207, 561-2 

Gastric juice, antiseptic action of. 

197 

— Foods that depress, 200 
secretion of, 198-201 
stimulated by appetite, 199 
Gastric secretion, chemical causes of. 
199-200 

defective, dietetic treatment of, 561 
Gastric ulcer, dietetic treatment. 
547-54 

need for vitamin C in, 550*4 
— Lenhartz diet, 547-51 
Gastritis, alcoholic, 558 

acute and chronic, diet in, 549 
Gelatin. 66, 37O-7 
German beers, 436 
Ghee, 250 
Gin. 426, 431-2 
Ginger, 396-7 


Ginger-ale, 400 
Ginger-bccr. 405 
Glaxo {see Ostermilk), 494-5 
Glucose, 8, 18. 19, 210, 258. 259. 379 
commercial. 260 
Glycosuria, alimentary, 261 
dietetic treatment, 506-20 
Goat's milk, composition of, 473 
Golden s>Tup, 258 
Goose, composition of, 3O2, 364 
Gooseberries, composition of. 1 49 , 
* 50 » 381. 516 
Gout. 536-9 
Grape-cure, 382. 593 
Grape-fruit, 149, 150, 379. 381. 516 
Gravel, dietetic treatment of. 541-2 
Creek wnes, 449-50 
Greengages, composition of. 149. 381. 
516 

Greens (vegetables), composition of, 
7, 98, 118, 125. 136. 139. 150. 
156, i6r. X03, 384-7. 513 
Groats, 291 

Grouse, composition of. 362 
Guinea-fowl, 362 
Guinea-fowl's egg, 319 


Haddock. 78. 349. 350. 354 
H<omogIobin. digestibility and ab- 
sorption of. 359, 36S 
in meat, 359 
Hnemolac. 496 

Ham, composition of. 362. 371, 517 
— potted. 369 
Hare, composition of. 362 
Haut Brion. 445 
Haybox cooker. 184 
Hay diet, 86, 207, 211, 224, 594 
Hazel nuts, composition of, 510 
Headaches, dietetic treatment, 58S 
Heart, animal, as food, 367 
Heart disease, diet in. 57O 
Height, influence on basal meta- 
bolism. 4Z, 44 
Hcmolac. 496 

Hen's egg, composition of, 315-19 
Herring, cheapness for protein, 246, 
353-4 

composition of, 349-50. 517 
Heudebert bread. 520 
Hirschsprung's diseases. 651 
Hock, 446. 450 
Hominy, 294 
Honey. 259, 613 

Hookworm disease and pellagra 137. 
Hoosh, 372 
Hop oil. 434 

Hops, use in brewing. 1G9. 434-5 
Horlick's Malted Milk. 496 
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Hot Springs Conference, 7 
Hot weather, diet for, 234-5 
Ho^is bread, 269, 263, 28S 
Human milk, 458-71 
amount required by infant, 462-5 
and cow's milk compared. 473, 
475-9 

composition of, 465-6, 469, 473, 
474-8 

— compared with other animals, 
474 

digestibility of. 478 

— compared with cow’s milk, 478 

dried. 495 

influence of alcohol in diet on, 461 

— coflee in diet on, 461 

— diet on, 458-61 
mineral elements in, 469 
nitrogenous matters in, 466-7 
nutritive value of, 465-71 

— compared with cow’s milk, 473, 

475-8 

proteins in. 465-6 
substitutes for, 472-97 
variations in, 470 

period of suckling, 464, 

465. 469-70 

Hungarian wines, 445 
Hunger, nature of. iy8 
Hygiene of food, 188-94 
Hyperchlorhydria, diet in, 561-2 
Hyperpyrexia, diet in, 499-504 
Hypersecretion, diet in, 561-2 
HypogIyca;niia, 218, 520 


Ice-cream, 342 
Index, Caloric, 37 
Indian Corn (Maize). 293-5 
Individual diets, 29-31 
Infancy, carbohydrate in diet, 490-1 
diarrhoea of, diet in. 383, 461 
fat in diet. 465. 467, 473-5, 4S1-3, 
487 

inorganic in^edients in diet, 474-7 
protein in diet, 475 
(see also Infant-feeding and foods) 
Infant-feeding, 472-97 
proprietary foods, 494-7 
with condensed milks, 484 
with cow’s milk. 479-82 
with dried milk. 482-3 
with partially peptonized milk. 487 
Infant foods, constituents of. 494-7 
Infantile scurvy, dietetic treatment, 

543-4 

Infants, diets for. 472-97 
milk required by, 464 
Inorganic constituents of food, 90-115 
Inositol, 140 


Insomnia, 593 
Instant Postum, 422 
Instinct and diet, ii. 239-44 
Insulin, 217-20, 508-13 
Intestinal putrefaction, 213-15 
Intestine, large, absorption in, 130, 
140. 214, 605-7 

Intestines, diseases of, dietetic treat- 
ment. 563-9 

Intravenous feeding, 607-10 
Invert sugar. 255, 257. 259 
Iodine, amount required daily. 105 
foods containing, 106 
Irish Moss, 389-90 
Iron, amount required daily, 105 
anxmia caused by lack of, loi. 103 
foods containing, 102, 384. 387 
Isinglass, 376 
Italian pastes, 289 
Italian Wines, 446 

Jams. 260, 516 
digestibility of. 296 
Jaundice, dietetic treatment, 574-5 
Jellies, 376-7 

Joannitius and dietetics, xi 

Kemposan, 345 
Kdphir, 343, 603 
Kepler’s Extract of Malt, 613 
Keratomalacia, 18S. 123 
Keratosis, follicular, 142 
Kotogenic diet, 587-8 
Kidney, animal, as food, 366-7 
Kidneys, foods aflecting, 578-87 
Kipper, 350, 517 
Kirsch, 432 
Koumiss. 343, 603 
KQmmcli. 432 

Kwashiorkor, related to low protein 
intake, 76, 304 

Lacidac infant foods, 496 
Lactation, food requirement. 96, 232, 
458-62 

I.4ictic acid in milk, 328. 343, 603 
production in koumiss, etc., 603 
Lacto, Mellins, 497 
Lactose, i8, 324, 467-8, 502 
Lacto-vegetarian diet, 392, 592-3 
LjcvuIosc. or fructose, 18, 19, 210. 

217-18. 258. 379 
Lamb, composition of. 357, 517 
digestion of. 204 
Leeks, composition of, 388, 515 
Lemonade. 143. 165 
so-called, 405 

Lemon-juice, composition of, 381, 55a 
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Lcnhartz diet, 547*5z 
Lentil. 302. 303. 

Lettuce, composition of. 150. 3S8. 

515 

Liebig's IJcef Extract, 373 
Liqueurs. 432-3 
Lithia water. 405 

Liver, as food, 125, 130, 136, 139. 14 1. 

367- 37»- 577. 5S8 
diseases of. dietetic treatment. 

572-5 

Lobster. 354 

Loganberries, 1 49*50, 381. 516 
Low-salt diet, 595-8 
Lungs, as food, 367-71 


M.O.F., 407 
.Macaroni. 289 
Mackerel. 349, 517 
Madeira wine. 445. 450 
Magnesia water. 405 
Magnesium, foods containing. 109. 
386 

Maize. 293-5 

associated with pellagra, 135, 138, 
203-4 

composition of, 293 
economic value, 295 
meal, 293 

nutritive value. 295 
preparations of, 294 
Malt. 2H3. 428. 434 
Malted Milk Cocoa. 419 
Malt-Extracts, 612-3 
Malt liquors. 433-8 

action on digestion. 437 
ale, 434-5 
as foods, 437-8 
beer, 434-6 
composition of, 43O 
effect on gout, 438 
— obesity. 438 
Maltose, 18, 258. 434 
Malt sugar. x8. 258. 434 
Man values, 37 
Manganese, ti2 
Maple sugar, 257 
Maraschino. 433 
Marc's milk composition of. 473 
Margarine, 154. 251-2 
Marmalade, 516 
Marinito, 130. 136, 139. 375 
Marrow, composition of, 389. 515 
Marsala wine, 449, 450 
Mastication of food, effect on diges- 
tion. 195, 546 
Matd, 422 

^leals, hours of taking, number and 
$ize of, 223-5 


Meat, 356-72 

absorption of. 362-4 
acids in. 35S 

chemical composition of, 359-61 

— compared with eggs. 321 
chilled, 172, 366 

cooking of. 179-81, 361-2 

— effect on digestibility. 363 
essences and extractives, 359. 373-5 

— as stimulants. 373 

— effect on flow of gastric juice, 

373 

— almost valueless as food. 373 
flavour of. 358-9 
hiemoglobin in, 359 

iron in, 102 
juices. 373-5 

losses on cooking. iSo-i. 361-2 
nicotinic acid. 138-9 
nutritive value, 138-9, 3O4-5 
physical structure. 357-8 
potted, 369 
powders, 166, 372 
proteins in, 358. 300 
psychological effect of, 364 
Adtamins of. 130. 136. 139. 366 
waste matters. 359 
Medicated wines, 452 
Mellin's Food. an<l Licto, 497 
Melons, composition of, 381. 516 
Mental work, diet suitable for. 227*9 
Metabolism. 20-59, 217-22 
basal. 40-7 
carlK)hydrate, 227-19 
disorders of, 499-521 
fat, 219-20 

proteins, 64-8, 73-6, X13. 220-2 
total, 45-59 

Methionine, 63, 64, 66, 466. 572 
Midlothian Oat Food, 497 
Milk, 323-40. 462-97 
absorption of, 335-7 

— boiled and unboiled. 332-4. 3^. 

481 

— compare<l with human, 478-n 

- in adults, 336 

- in children. 336 
aeration, 334 

amount required by infants, 463-5 
as a cause of disease, 189. 329-31 
as article of diet in disease. 33S-40, 
s^e also 548-52 

bacteriology of. 324, 328. 329-30, 
602-4 

boiled, 334-5 

— absorption of, comparetl with 

unboiled 335 

caloric value. 24. 338. 479 
caseinogen in. 323-4» 327*^^. 333- 

466. 475.6 
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Milk {continued] 
citrated, 334, 488 
citric acid in, 325 
clotting of, in stomach, 327-8 
coagulation, 327-8 
compared with human milk, 473-9 
composition of, 323-8 

— effect of heat on, 328-31 

— from diflerent animals, 324, 473 

— variations in, 326, 470 
condensed, 331, 484 

— unsweetened. 485 
curdling of, 328 

desiccated. 167. 331-2. 482-4, 494-7 
diet in disease, 338-40, see also 548- 

digestibility of, 332-5. 478-9. 481-4 

— compared with human milk, 

478-9 

— improved by dilution, 333, 481-2 
dilution, for infant's diet. 4S1-2 
dried, composition of, 331-2, 482-4, 

494-6, 494-7 

effect on growth and health of 
children, 338 
evaporated, 331, 484-6 
fat in, 249, 324-5 

— guide to quality of, 327 
human, 465-70, 494 
humanized, 481 

— defects of, in infant feeding. 482 
in infant's diet, 479-91 
inorganic matter in, 324-5. 473-77 
iron in, 102, 325, 477 

lactic acid and, 324, 328, 487, 496 
malted, composition of, 496 
mare's, 324, 473 

mineral elements in. 324-5, 473-77 
not a perfect food, 338 
nutritive value, 337-40 

— compared with human milk, 

473-9 

pasteurization of, 330-1 
peptonized, 487 

— dried, 496 

— partially for infant feeding, 487 
powders, 494-7 

presentation of. 171, 331-2 
proteins in, 323 
protein value, 78, 85 
separated, 325, 483. 494-5 
skim, 325, 483, 494-5 
sour, 343-4. ^2-4 

— treatment. 602-4 
soured. 343-4. ^2-4 
sterilization, 329-31 
sugar. 324 
variations of. 470 
vitamins in, 325-6. 478 
water in, 326 


Millet, 299 ^ 

Milling wheat, 267-79 
products, composition of, 272-9 
Milt, 354 

Miner^ constituents of food, 90-112 

— substances, amount required 

daily. 94*7. 99. 102, 105. 107, 
108, 110-12 
Mineral waters, 403-6 

— effect on stomach, 404 

— natural, 403 

avoided in certain diseases, 

404 

better than artifiaal, 405 

contamination of, 404 

imitations of, 405 

Miner's Calories, 48 
cramp, 107 

Mixed diet, advisability of, 63, 64, 66, 
67. 77. 87, 89, 98. 102. 106, 124, 

131. 135. 137. 155. 158 

digestion of, 215-16 
Mock-turtle soup. 355 
Molasses, 258 
Molluscs, as food, 355 
Monosaccharides, 18, 210, 214, 

217-19, 258-9 

Moselles, composition of, 450 
Moss. Iceland, 390 
Irish, 389 

Muscle-food, sugar as, 218, 227, 262 
Muscular energy, source of. 218. 227, 
262 

Mush (maize), 294 
Mushrooms, 397-8 
Mussels as food, 255 
Must, composition of, 441 
Mustard. 396 
Mustard and Cress, 515 
Mutton, composition of, 361-2 
digestibility of, 363, 365 


National full cream dried milk, 494 
National half cream dried milk, 494 
National household cream dried milk 
495 

Nephritis, acute, 578-82, 584 
(Chronic, diet in, 582-7 
Nervogen, 345 

Nervous system, diseases of, dietetic 
treatment, 587-8 
Neurasthenia, diet of. 535 
Nicotinic acid, 135-9 
— and pellagra, 135-8 
Nitrogen, amount excreted daily, 65, 
68, 578-87 

Nitrogenous equilibrium, 65, 68, 570, 
579 
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Noyau. 433 
Nutmeg, 39O 

Nutriment, cost of in various forms, 
244“7 

Nutritive constituents of food, and 
work, 16, 20, 226-7. 248-314 
Nuts. 305-7 

economic value of, 307 

Oat Food. Midlothian, 497 
Oatmeal, 291-3 
Oats. 290-3 

Obesity, restriction of alcohol in, 530 
amount of fluid allowed in, 528 
Banting system of treatment, 523 
beverages in, 529-30 
carbohydrate minimum in. 524 
causes of, 236-7 
dietetic treatment of, 522-31 
exercise in, 528 
fat in, 524 

influence on basal metabolism, 
520-1 

use of thyroid extract and nitro- 
benzene compounds. 528 
vitamins in, 527 

'tEdema and low protein intake. 76 
Ollal. 366-9 
of fish, 353-4 

Old age, basal metabolism in, 43-4. 
229 

dietetic requirement, 229-30 

Olive oil. 18. 253, 394* 5<^2 

Olliver, M.. 383, 384. 387. 388f.n.. 390 

Onions, 386, 388-9 

composition of, 388-9, 515 
Orange juice, composition of, 381, 407 
Oranges, amount of sugar in, 516 
Ostco-arthritis, diet in, 539 
Osteomalacia. 545 
Osteoporosis 545 
Ostcrmilk, 494*5 
Ovaltinc, 422 

Oxalic acid, amount in foods. 93. 

1 14-15 

Oxalic calculus, cause of, 542 
Oxaluria. connection with intake of 
oxalic acid, 155, 54^ 
dietetic treatment, 114-15, 542 
OxQ, 373 

Oysters and typhoid, 355 

p-aniinoben/oic acid, 140 
Wncrcatic secretion, 209-10 
Pantothenic acid, 140 
Paprika, 143 
Paraguay tea. 422 
Paris's Treaties of Diet, xv 
Parsnips, 386, 388. 430, 515 
Partridge, 356. 362 


I’astcurization, 171. 330-1 
Pat6 do foie grasr^2. 369 
Pav5^ Treatise oft Food and Dietetics, 
x\T, xvii 

Peaches, composition, 125. 380-1. 516 
Peanuts, 85, 249. 253. 304-5 
Pears, 149, 380-1, 516 
Peas. 148, 301-3, 387. 515 
Calorie value, 24 
dried, composition of. 302-3, 515 
green, composition of. 302. 3S7. 

390, 515 

protein value, 85, 301-3. 387 
Pectin. 19, 260. 379 
Pellagra, relation to maize eating. 

117. 135. 137 

protection from, by nicotinic acid. 

*38 

Pcmmican, 166, 372 
Pentosans, in vegetable foods. 370 
Pentose, 379 
Pepper, 396 

Peppers, green, vitamin C in. 150 
Pcptalac, 496 

Peptone, 207, 487, 606, 607 
Peptonized foods, home-made. 4S7. 
O06 

milk, 487. 606 

— dried. 496 

Pereira. Treatise on Food and Diet, 
xvi 

Peristalsis, 203. 208 
reverse, 213 

Pernicious anaemia, lin, folic acid and 
diet in, 577 
Perrier water, 403 
Perry, 451 

Personal peculiarities, influence on 
diet, 10. 236-44 
Pheasant, roast, 362, 517 
Phosphorus, amount in foods, c)o-ioi 
amount required per day, 99 
Phthisis, diet in. 146, 533-4 
Physical exercise and digestion, 19S. 
21 & 

— and food. 47-8. 52. 55, 226 
I’hytatcs, 93, 100. 153, 274. 275, 270. 

291- 306 

Pig, the, and thiamine and nicotinic 
acid, 129, 136 
Pigeon, composition of. 362 
Pimento, 395 

Pineapples, amount of sugar in. 516 
composition of. 381, 510 
Plover's eggs. 319 
Plums, 148-9. 381, 516 
Pneumonia diet in, 577 
Poliomyelitis virus, see Hygiene of 
Food, 190 
Pop-corn, 294-5 
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Pork, 130. 190. 337, 361. 363 
digestibility of, 204, 363 
Porridge, 292-3 
Port, 440, 448 
Porter, 434-436 
Potash water, 405 

Potassium, foods containing, 108-9 
598-602 

Potassium-poor diet, 598-O02 
Potato-belly, 310 
Potatoes, 307-11 
calorie value, 24 

changes effected by cooking. 184-5. 

309-10 
sweet, 31X 
vitamin C in, 309 
Potted meats, composition of, 369 
Poultry, composition of, 362, 364 
Predigested foods, 612 
Pregnancy, food requirements, 79, 
95-6, 102, 124, 131, 134, 155. 
156-7. 158. 230-2, 456-8 
Procca diabetic bread, 520 
Processing of Foods, 166-76 
I’rolac, 496 
Prosol, 496 

Protective foods. 162-5, 378-92 
Protein. 16-17, 20, Go-89 
absorption of, 210. 220, 606 
action of liver on, 86. 220-1 
amount in average diet, 68-70, 76-7 
78-84 

— of first-class protein necessary, 
77-8, 89 

and burns, fractures, cirrhosis and 
operations, 76, 499 
and energy. 20, 72, 87 
animal and atdino-acids, 66 

compared with vegetable, 

66, 235-6 

— as source of energy, 20. 87 
biological value of, 64-8 

bulk of foods yielding, 85, 301-2, 

391-2 

composition of, 60-S 
concentration of. maximum. 610 
cost of. in different forms, 245-7 
daily intake, 68-84 
during pregnancy and lactation, 79 
effect of heat on. 178. 180, 185 

— low amount in diet, 70. 574 
foods, artificial, 611-12 
important foods for, 85. 3i5'77 
in bread, 288 

in diet for athletes. 227 
lowest amount permissible in diet, 
70 

metabolism. 73*6, 220-2 
necessary for children, 80-4. 492 


Protein {contiitued) 

nutritive values of various kinds, 
64-8 

optimum, xvii, 76 
relative value of animal and vege- 
table, 67. 263-4. 300. 390-2 
specific dynamic action, 72-3. 234. 
235-6 

vegetables and amino-acids, 64-5, 
73 

— effect of heat on, 178 
Provost Oats, 291 

Prunes, composition of, 385, 516 
Pruritus, diet in, 590 
Psoriasis, diet in, 589-90 
Pulses, 299-306 
calories from, 301 
protein in, 301 

Purgatives, deleterious effect on ab- 
sorption of calcium, 92, 211 
Purine-free diet, 537 

— for gout. 536-9 
Purines in various foods, 538-9 
Pyloric obstruction, diet in, 558-9 
Pyridoxine, 140 

Pyruvic acid, 129 


Quaker Oats, 291 


Rabbit, composition of. 362. 517 
expensive form of meat, 366 
Radishes, composition of, 150, 388, 

515 

Raisins, composition of, 384-5 
Raspberries, sugar in, 516 
composition of, 149. 381, 516 
Ratafia, 433 
Rectal feeding, 605-7 
Kellcxcs. cemditioned. in feeding, 11. 

14. 236-44 

Refrigeration, 171-2, 192, 351, 366 
Renal disease, dietetic treatment, 
57S-87 
Rcnnin, 332 

Respiratory diseases, dietetic treat- 
ment. 577-8 

Rest, basal metabolism during, 41. 
45. 229, 522 

inllucnce on digestion, 216 
Rheumatism, 530-41 
Rheumatoid arthritis, 539-40 
Rhubarb, composition of, 3S1. 516 
leaves. 1 15 

Riboflavine, chemistry of, 133-5 
sources of 135-6 
Rice. 297-8 

boiled, composition of, 297 
composition of, 297, 516 
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Rlcc {continued) 

digestibility and nutritive value of. 
1 17, 127. 129. 

Rickets. c)3 1 1 7- r8^ 15 1-6, 4S7> ^ 44 > 
Kidgc*s 407 

lit got tnorli^<, 35B 
Roasting, 180- 1. 362 
Robinson's Groats. 497 
Patent Barley. 497 
Robrex. 407 

Roc. as an article of diet. 246, 353-4 
Root vegetables, 386. 388 
Rosacea, diet in. 590 
Roughage. 19. 1S3, 213-1.}. 267. 272, 
277. 278, 392. 571 
stimulus to colonic spasm, 571 
Rower's <liet. 52, 227 
Rum. 420 430-1 
Runner beans. 387 
Rusks, 284. 492 
Rye, 296-7 
Ryvita, 297 


Saccharin. 396 
Sago. 312-13 
Saliva, i95-6 

Salmon. 349. 350 . 353 . 354 > 57 ^ 

Salt common. 100-7. 39 ^. 595-8 
d/.ve Sodium) 

amoutit in foods. 107, 596-8 
Salt-low diet. 595-8 
Sanatogen 345 
Sardines 154 349, 350. 351 
Sausages, 300-70 
Sauterne 443. 445. 45 ^ 

Savory aiul Moore's infant food. 494 
Scallops, 355 
Scarlet runners. 387 
Scott -Ivy pabalum 553 
Scurvy and vitamin C. 117, 118, 

141-2. 143. M ^-7 
cure<l by vitamin C, 143. 147 
dietetic trcatm»*nt, 51^-4 
infantile, dietetic treatment. 543*4 
Sea-kale, 38O 

Season. iiUluencc on diet, 232-6 
Soborrlicea, 134. 589 
Secretion. defective, diet in, 5^* 
excessive, diet in, 561-2 
Seewa. 341 
Sell-raising flour. 282 
Selt/cr-wut<T, 405 
Semolina 268. 2<jo 

cooked composition. 290 
Sex. influence of. on basal meta- 
bolism. 43 

— — on amount of food required, 

37 * 53. 5 ^- 7 * 7^-9 fl/se Preg- 
nancy and lactation) 


Sherry. 143. 44$ 

Shredded wheat, 2<;o 
Sister Laura's Rood. 497 
Skin, diseases of. dietetic treatment. 
588-90 

Sleep. clTect on basal metalx)lism. 45 
Slow cooking 185-7 
Soda-water. 405 
Sodium. 106-7 

an<l .\ddison's disease. 107. 598-602 
and miner's cramp, 107 

Soup>, 373-4 
Sour milk diet. 602-4 
Soya bean. 302-4 
Soyolk, 304 
Spanish wines, 446-8 
Spastic colon, diet for, 571 
Spices, 395-6 

Spinach, carbohydrate in. 515 
composition of, 387 
iron in 5. 102 
Spirit, proof. 426 
silent 427 
Spirits, 4-7-3^ 

Sprue, dietetic treatment. 567 
Spriilac. 496 

Standard dietaries. 223-47 
Standard Liquid Malt-Extract. 613 
Starch. 18-19 

action of cooking <m. 178 184 
convertibility to sugar in plants. 

digestion of. in mouth. 195-6 

— in stomach. 201 

effect of heat and moisture on, 184 
Stark, \V.. and experimental diet- 
etics, XV, xvii 

StefAnsson. 2. 16, 113. 240. 243. 262, 

394^ 595 

Sterols. 151-2 
Stirabout. 294 

Stomach, absorptive power. 208 
acidity of contents. 200-1 

— relative to morbid gastric sen- 
sation. 201 

digestion in. 196-208 

— in infants, 4S1, 4S7 
dilatation of. diet in. 550 
disorders of, diet in, 546-63 
function as a reservoir. 197 

— in digestion. 196-208 
ha>matinic principle of, 208 

local effect of extremes of tem- 
perature, 206 

motility, defective, diet in. 562 

movements of, 202-3 

pain in. caused by acid, 201-2 

— in, relieved by hot water 207 
rate of passage of food through, 

203.5 
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Stomach (continxud) 

reduction of food to semi-liquid by, 
19O. 198-203 

secretion of gastric juice by, 198- 
202 

sterilizing power of, 197, 205-6 
temperature of food entering. 206 
Storage of foods, 1G6-76 
Stout, .J36-7 

Strawberries, composition of, 7, 149. 
150, 381. 516 

Sucrose. 18, 210. 254-8. 379 
Sugar. 234-202 

as a fal-fornier 523 

— (liet for training. 227 

— - mii^icle food. 202 
a>siinilation limit. 201-2 
Itnrbados, 257 
crunpcisitinn of. 257 
conversion into glycc»gen. 201 
dangers of, 254 

disgestiliility of, eJlocl of concen- 
tration. 200 
economic value. 202 
effect on skin. 260 
• - sttuiiach, 200 

— teeth, 234, 201 

in various friul>. 379, 381. 382. 

3^»3. 3S4. 

— vegetable foods, 515 
invert. 238.9 
nulrituc value, 2i»2 
^ubstitute^, 396 

Sugar-corn, 203 

Sulphur, in proteins, 03. oo. ioci 
Surface area and nictabolisin. 41 
Surgery, Diet alt.-r, i.,j, 53^. 557. 
55 ^. 374 

Swedes. 15(\ 3^S 

Sweetbreads, us h»od. 307 i|, 317^ ^37 
rapid digestion, 30s 
Sweetmeats, 259 
Sweet potatoes. 31 1 

Tangerines, 310 

'I'annin. influence on 424* 

in cocoa. 4 1 7 

in tea, 410, 411. 412. 413. 420, 
in wine, 42a. 441 
Tapioca, 312. 313, 314 
'lartanc aci<l, 25 1. 370, 442, 4 3 ^7, 

448 

Tea, 407-13. 418-21 
black. 408 

— composition of, 4 10- 13 
caffeine in, 410-12. 418 
Ceylon. 409. 412 

Cliina, 40S, 409-io, 412 
effect on nervous system \is 

— on stomach, 420 


Tea {coniinu(d) 

effects of excess. 421 
green, 408, 409, 410 
history of. 407 
idiosyncrasy in effect of, 421 
Indian. 407, 40S. 409, 411, 412 
infusion. 41 2 
judging of, 413 
manufacture of, 40S 
tannin in. 410-12 

— amount extracted in various 

times, 41 1 
with meals, 420 

Teeth, effect of absence of vitamin D, 

151. 155 

Muorine. 112 
effect of sugar on, 261 

— on digestion. 193 
Temperature of foods, effect on 

stomach, 206 

Theobromine in cocoa, 417 
Thiamine. 127-132 
Threshold for glucose, 261 
TluTuid gland 

and basal metabolism. 43. 43 
and iodine^ 105-6 
‘rhyroxinc, 91, 100 
Tissue repair. 4. 66, 70 
Toast. 2<S4 
Toffee. 259 

Tomatoes, 13. 115, 125, 136, 149* 150. 

Tongue (ox). 139. 307. 372 
Tortilla. 204 

Total metabolism, 22-3. 23-40, 4.v59 
Training, sugar in. 227 
Treacle. 102. 25S 
Tripe, as food. 9^^. 360-8, 517. 537 
Trufood Infant Food, 494 - 5 » 4O7 
Tuberculosis, conveyed by milk, 330 
diet in. 533 

vitamins in. 147, 534 
Tubers, 307-11 

TuffnelTs diet for aneurism 57O 
Turkey, composition of, 362, 517 
egg. composition of, 319 
rurnip, 388-9, 515 
vitamin C in, 150. 3811 
lurniptops, iron in, 102, 380 
Turtle, compixition of, 355 
Typhoid fever, conveyed by milk, 330 

— oysters, 335 
diet in, 500-2 

I’rlicaria, diet in. 5S9 

^ ariabilily. human, o 

N'cul. composition vt. 337. J 59 . 

362, 517 

ihgestibihty of, 363 
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\'cgctable diet, value in various 
diseases, 592-3 

Vegetable foods, 254-3x4, 378-98 
absorption of, 391-2 
as source of carbohydrate, 254-314 
— protein, 267, 272, 301, 378 
bulkiness of, 392 
cheese as supplement to, 392 
chemical composition, 386-390 
compared with meat diet, 390-2 
composition of cooked, 182-3, 39^ 
cooking of, 182-3 
dehydrated, 166-7 
digestibility of, 392 
eggs and milk as supplements, 392 
nutritive value, 254-314, 384-92 
physiological effect, 392 
vitamins in, 121, 125, 127, 130, 

139. 150. 158, 387-90 

Vegetable, raw, diet cures, 539-40, 
593-4 

Vegetarianism, 9, 390-2. 592-4 
cheese as supplement to, 392 
effect on digestion, 392 
eggs and milk as supplement to, 392 
in treatment of arthritis, 539*40 
in treatment of gout, 392, 592 
lack of protein in, 391 
physiological effect, 392 
value in various diseases, 539*40, 

592-4 

Venison, composition of, 3C2 
Venner and dietetics, xiii 
Vermicelli, 289 
Vermouth, 453 
Vichy (£tat) water, 404 
Vienna bread, 283 
Vinegar, 396-7 

and hyperchlorhydria and peptic 
ulcer, 397 
Vitamin A, 121-7 
Vitamin Bi, 127-32 
Vitamin C, 141-51 
Vitamin D, 151-6 
Vitamin E, 156-7 
Vitamin K, 157*8 
Vitamin P, 158-9 
Vitamins 116-59 

discovery and research on, xviii, 
118-21, et S€q. 

Vitcllin, 317 
Voit, 3, O4, 72, 76 


Walnuts, composition, 305 
Waste of food avoidable, 33, 33 
on cooking, 183-4 
unavoidable, 33, 35 
Wasting diseases, diet in, 533 


Water, amount required daily, 400 
danger of contaminated. 189-00 
drinking, properties of. 400-3 
efiects of amount in diet, 402-3 

— drinking on empty stomach. 

400 

elimination of waste matter by, 402 
hard, 402 

hot, efiect on digestion, 206-7 
in diet. 399-406 
not absorbed by stomach, 401 
soft, 403 

varieties of. 402-6 
Water-arrowroot .312 
Watercress, composition of. 150. 3S7. 

515 

vitamin C in, 150, 387 
Weaning, 489 et seq 
Weight. inHuonce on basal meta- 
bolism, 41-2, 43 

regulation of body, 236-7, 522-34 
Welbank Boileretto, 186 
Whale oil, 251 
^Wheat, 263, 264-79 
blending of, 271 
bran. 264, 266, 267-70 

— composition of. 266 
composition of. 265-6 
constituents lost in milling. 272 
endosperm. 265-6. 4 ( stq. 

English, 271-2 

hour, composition of. 272 
germ, 264-6 

— composition of. 266 
meal, composition of, 272 
milling of, 267-70 
preparations of. 289-90 
shredded, 289-90 
strong, 271 

Whelks, 355 

Whey. 340-1 

Whisky, 426. 427-9, 431 

Whortleberries, 1 1 5 

Willich’s Lectures on Diet, xv 

Wincarnis, 452 

Wine. 438-55 

acids in. 439. 441, 442-3. 44*,. ,47, 

448. H9. 450. 45 1 

— digestion, 454 

alcohol in, 441. 442, 446, 44S. 450, 

452 

— action in health, 455 
changes after bottling, 441 

— on storage, 440 
composition of. 441. ct seq. 
constituents of. 441 

esters in. 441. 444, 445. 447, 

449 

fortified. 440. 445. 447. 448. ^40 
glycerol in, 444 
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Wine (continued) 

Italian, 446 
medicated, 452 
natural. 445 
non-alcoholic, 453 
plastering of, 447 
sugar in, 443 

summary on use of wine, 453"5 
tannin in, influence on health, 454 
total acidity of, 443 

Winkles. 355 o « a 

Women, diet for. 42. 53-4. 78-80, 95-6, 

101-2, 124. 131. *38. I53» *55> 
156, 158. 230-2. 458-62 
Work and calorics, 45-51 

mental, amount and nature of food 
required, 227-9 
— action of alcohol on, 424 
muscular, amount of protein re- 
quired, 87, 226 


Work (continued) 

relation betiveen and Calorie in- 
take. 45-5* 

Wrestler, diet of. 9 


Xerophthalmia. 123 


Yams, 311 

Yeast, action in bread-making. 280-1 
extracts prepared from. 375 
in malt liquors, 434-5 
in wine, 440 

vitamins in. 130. 136. 139. 14° 
Yoghourt. 343. 603-4 
Yolk, egg, 316-19 

Zinc, 90. 91. 112 
Zcmothcraphy. 595 




